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AUTHOR'S  PREFACE 

The  information  set  forth  in  this  h'ttle  vol- 
ume is  gleaned  from  the  experience  of  a  number 
of  years  spent  in  advising  and  aiding  farmers 
m  these  matters,  and  is  largely  an  outgrowth 
of  the  material  I  have  printed  in  the  Rural 
New-Yorker  in  reply  to  hundreds  of  questions 
from  its  readers  in  all   portions  of  America. 
In  a  few  cases  the  "talk"  is  based  on  arricles 
contributed  by  me  to  prominent  farm  journals 
of  both  the  United  States  and  Canada,  such 
as  Hoard*s   Dairyman,    The  Field  Illustrated^ 
American  Cultivator,  Northwestern  Agriculturist, 
Kimball's  Dairy  Farmer,   Up-to-date  Farming, 
of  the  United  States,  and  The  Farmer's  Ad- 
vocate.  The  Weekly  Sun,  The  Mail  and  Empire, 
and  the  Manitoba  Free  Press,  of  Canada.    In 
every  case,  however,  the  material  has  been 
carefully  revised  and  rewritten  and  new  illus- 
trations  used.    There  has   been  no   attempt 
whatever  to  make  this  a  textbook  or  even  a 
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treatise  on  Farm  Engineering.  Its  sole  aim  is 
to  present  the  material  in  an  interesting  and 
popular  form  for  the  use  of  farmers  who  have 
neither  the  training  nor  the  inclination  to  wade 
through  more  technical  volumes  on  the  subject. 
The  list  of  topics  included  is  not  a  long  one, 
nor  does  it  by  any  means  exhaust  the  interests 
of  the  farmers.  It  is  a  selection  made  from 
the  things  most  often  inquired  about  during 
the  last  three  or  four  years  and  found  to  be 
most  perplexing  to  the  farmers. 

R.  P.  Clarkson. 


THE  FIELD  OF  FARM  ENGINEERING 

As  ONE  thinks  over  the  work  of  the  farmer, 
It  IS  astonishing  to  note  how  much  engineering 
enters  mto  it.    The  choice  of  materials  for 
buildmgs,  for   roads,  walks,  and   fences;   the 
erection  of  the  buildings  themselves;  the  care 
and  operation  of  machinery,  including  tractors 
and  automobiles;  the  seleaion  of  a  good  water 
supply  and  the  system  whereby  the  water  is 
made  available  for  domestic  purposes,  for  stock, 
ul^^  ^^°P  irrigation;  the  drainage  of  land; 
the  disposal  of  sewage;  the  installation  of  farm 
power,    possibly    by    harnessing   some    small, 
swiftly  running  stream  or  some  waterfall;  the 
industrial  use  of  crops  and  the  waste  products 
from  crops-all  this  is  engineering  work  and 
hes  rather  in  the  province  of  the  engineer  than 
m  that  of  the  agriculturist  alone. 

These  are  merely  the  general  engineering 
subjects  with  which  every  farmer  deals.  Many 
cases  anse  where  special  engineering  informa- 
tion IS  of  value.    Trouble  with  the  telephone 
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lines;  the  matter  of  lightning  protection;  the 
value  and  disposal  of  water  and  mineral  rights; 
the  utilization  of  raw  products  found  in  the 
land,  such  as  limestone,  coal,  peat,  oil,  metal 
ores,  and  similar  substances;  even  the  opera- 
tion of  the  furnace  and  the  choice  of  fuel  are 
subjects  which  receive  careful  study  in  any 
first-class  engineering  training. 

Farming  might  almost  be  defined  as  a  branch 
of  engineering  if  we  take  the  generally  accepted 
definition  that  engineering  is  the  development 
of  the  resources  of  nature  for  the  use  and  con- 
venience of  man. 
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PART  I 

FARM  BUILDINGS  AND  BUILDING 
MATERIALS 

Farm  Building,  Design,  and  Construction. 

The  Farm  Icehouse. 

The  Principles  of  Cold  Storage. 

The  Waterproofing  of  Concrete. 

Artificial  Stones  and  Composition  Flooring. 

Paints  and  Painting. 

Lightning  Rods  and  Rodding. 


PRACTICAL  TALKS  ON  FARM 
ENGINEERING 


CHAPTER   I 
Farm  Building,     ^sign,  and  Construction 

There  are  a  great  many  important  small 
thmgs  which  everybody  knows  when  he  has 
leisure  to  recall  them,  but  which  do  not  always 
come  to  mind  at  just  the  time  when  they  are 
most  needed.     In  planning  for  the  future  care 
and  repair  of  the  new  farm  buildings  it  is  often 
the  httle  things  that  count.     We  must  build 
not  only  with  an  eye  to  present  conditions  but 
also  keeping  in  mind  the  frequent  renewal  of 
some  part  of  the  building,  the  painting  and  up- 
keep and,  more  important  still,  the  ease  and 
convenience  with  which  we  shall  be  able  to 
work  in   the  building.    There   is   no   greater 
mistake  made  than  to  consider  a  thing  which 
makes  work  easier  as  a  luxury.     It  is  a  prime 
necessity,  because  anything  which  makes  work 
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easier  will  make  the  worker  able  to  do  more  and 
thus  will  make  what  he  does  do  cost  less.     If 
money  is  at  hand  to  make  this  possible,  every 
possible  time  saver  should  be  employed.     Con- 
sider, for  example,  a  plan  which  would  save 
two  hours  a  week  in  the  care  of  horses  or  stock. 
That  means  one  hundred  and  four  hours  a  year 
could  be  used  in  doing  some  other  work,  and  at 
fifteen  cents  an  hour,  the  sum  of  $15.60  could 
be  earned.     This  amount  is  the  ii  terest  on  three 
hundred  and  twelve  dollars  at  5  per  cent.     That 
is,  the  plan  which  saves  two  hours  a  week  of 
your  time  gives  you  as  much  cash  return  in  a 
year  as  would  the  sum  of  $312  invested  in  the 
bank.     Therefore  that  time-saving  plan  is  worth 
$312  to  you. 

In  planning  the  shape  of  buildings,  keep  in 
mind  that  you  wish  to  enclose  the  largest  possi- 
ble space  for  the  least  amount  of  money.  A 
round  building  will  do  this  but  a  square  build- 
ing is  a  close  second  choice.  The  most  waste- 
ful shapes  are  the  long  narrow  buildings.  For 
example,  consider  a  building  built  round  and 
^^  feet  in  diameter.  The  space  enclosed  will  be 
about  4,660  square  feet  and  the  length  of  the 
wall  along  the  ground  will  be  242  feet.    A 
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square  building  enclosing  the  same  space  will 
have  to  be  slightly  more  than  68  feet  square 
Thus  the  wall  will  be  272  feet  long,  so  that,  if 
the  barns  are  the  same  height,  the  square  barn 
w,l  take  about  12  per  cent,  more  lumber  for 
building  the  walls,  and  every  time  it  is  painted 
It  will  cost  12  per  cent,  more  to  do  it.  The 
round  bam  will  be  warmer  in  winter  because 
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there  is  less  radiating  wall  space.  For  the 
same  reason  it  will  be  cooler  in  summer.  The 
saving  of  either  of  these  bams  over  a  long  bam 
IS  very  great.  To  enclose  the  same  space  as 
these,  suppose  we  build  a  bam  116K  feet  long 
by  40  feet  wide.  The  wall  space  would  be  313 
feet  long  or  nearly  30  per  cent,  more  lumber  and 
paint  would  be  required  than  in  the  case  of  the 
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round  barn,  and  about  15  per  cent,  more  than  if 
the  square  bam  were  built.     Such  a  long  bam 
would  be  colder  in  winter  and  warmer  in  summer. 
The  round  bam  of  the  "consolidated"  type 
with  a  round  silo  in  the  centre  and  all  the  ani- 
mals and  feed  under  one  roof  is  nearest  to  the 
ideal  constmction.     Less  time  and  labour  are 
required  in  caring  for  the  stock,  with  the  result 
that  better  care  is  given  them.     Make  it  a 
gravity  bam,  as  I  Hke  to  call  it.    That  is,  have 
a  driveway  to  the  upper  floor  so  that  hay,  grain, 
and  feed  may  be  delivered  up  there,  and  manure, 
waste,  etc.,  taken  out  at   the  bottom   floor. 
Have  all  the  movement  of  material  done  by 
gravity.     If  you  want  a  thrashing-floor,  have  it 
on  the  top  floor  where  the  wagons  can  unload 
directly.    Then  have  the  granary  on  the  floor 
below  so  that  the  grain  will  not  have  to  be  lifted. 
Put  the  stock  on  the  floor  below  this  and  have 
the  feed  go  down  to  them  through  a  chute.     If 
grain  is  to   be  shipped,  the  wagons  may  be 
loaded  at  the  lowest  floor.     In  fact,  anything 
in  the  bam  may  be  loaded  in  wagons  without 
lifting. 

A  three  floor  bam  is  by  no  means  impracti- 
cable: nor  is  it  an  impossibility  in  any  location 
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whatever.  Such  barns  are  frequent,  but  of 
course  the  construction  of  proper  driveways  is 
much  easier  where  the  bam  can  be  built  against 
or  near  a  hillside  or  bank.  If  some  of  these 
arrangements  must  be  changed  to  fit  your  case, 
use  what  you  can,  for  the  nearer  --ou  come  to 
the  ideal  construction,  the  more  convenient  and 
therefore  the  more  valuable  your  bam  will  be. 
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Fig.  4. — Diagram  showing  ventilating  system.    The  grain  chutea 
may  be  utilized  in  this  manner 

Ventilation  of  farm  buildings  is  far  more  im- 
portant than  is  commonly  believed.  Proper 
ventilation  will  save  you  money  in  building,  for 
if  you  arrange  for  a  constant  and  sufficient 
supply  of  fresh  air,  the  stock  may  be  crowded 
as  close  together  as  desired.     Consequently  the 
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building  may  be  smaller  for  the  same  number  of 
animals.    The  best  ventilators  open  into  the 
top  of  a  room,  allowing  the  cold  air  from  outside 
to  sink  down  through  the  upper  layer  of  warm 
air.     In  this  way  the  warm  air  at  the  top  of  the 
room  is  not  wasted,  as  usually  is  the  case,  but 
IS  utilized  in  warming  the  room.    The  exit  for 
the  impure  air  should  be  arranged  to  open  close 
to  the  floor,  for  that  is  where  the  impure  air  is, 
and  that  is  where  most  of  the  animals  are  breath- 
ing.    If  these  matters  are  properly  attended  to, 
neither  low  ceilings  nor  ground  cellars  are  ob- 
jectionable if  the  rooms  are  dry  and  light.    Pure 
air  and  bright  sunshine  are  as  necessary  as  safe 
water  and  good  food. 

For  a  silo  nothing  but  a  round  shape  should 
be  considered  for  a  moment.     For  the  same 
cost  of  construction,  it  will  hold  more  material 
and  the  ensilage  will  pack  better.     There  will 
be  less  waste  due  to  air  exposure  or  freezing  on 
the  sides,  anri  the  silo  will  be  better  able  to  with- 
stand the  enormously  heavy  strains  upon  it. 
The  side  pressure  on  the  walls   amounts  to 
slightly  over  ten  pounds  per  square  foot  of  wall 
space  for  each  foot  in  depth,  and  the  silo  must  be 
deep.     Most  of  the  early  silos  were  made  square 
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fig.  5— The  tall,  round  silo  is  best.     This  one  is  built  with 

ccmrrettr  blocks 


Fig.  6.-— An  example  of  true  building  ethciency.     The  chute 
between  the  silos 
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or  rectangular  and  shallow.  They  were  ,  ov 
successful  until  weights  were  used  to  pr»  ss  the 
ensilage  tightly  into  place  and  expel  ti  e  ^ir. 
To-day  the  best  silos  are  built  tall  and  the  weight 
of  the  ensilage  itself  keeps  the  mass  packed 
tight.  To  do  this  the  walls  must  be  as  smooth 
as  possible.  Otherwise  the  ensilage  at  the 
sides  will  not  pack  down  and  will  spoil.  Many 
farmers  have  this  trouble,  due  entirely  to  rough 
walls,  and  the  only  remedy  is  to  tramp  the 
material  down  at  the  sides  continually  during 
filling. 

For  icehouse  construcrion  the  round  shape 
may  be  more  economical,  even  if  the  ice  is  packed 
in  a  square  block,  provided  the  corners  of  the 
block  are  brought  up  close  to  the  sides.  A 
much  better  plan,  however,  is  to  pack  the  ice 
into  a  block  approaching  in  shape  the  inside 
shape  of  the  icehouse.  When  this  is  done,  the 
saving  in  building  material  for  the  same  amount 
of  ice  stored  will  be  at  least  lo  per  cent.  Noth- 
ing makes  a  better  icehouse  than  an  old  silo 
properiy  repaired  and  the  floor  well  drained. 

There  is  another  general  plan  which  should 
be  considered  in  every  building  operation.  It  is 
to  m  ke  every  beam  and  every  board  do  as  much 
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service  as  possible.  If  there  must  be  heavy 
upnghts  to  divide  the  stalls,  let  them  support 
the  next  floor.  If  you  must  build  a  partition 
for  a  box  stall,  let  it  do  double  service  by  being 
also  the  wall  of  the  harness  room.  If  you  have 
a  hay  chute  or  a  grain  chute  from  the  upper 
floor,  contmue  it  on  up  to  the  roof  and  let  it  do 
duty  as  a  ventilator  for  the  lower  floors.  Plan 
to  make  the  building  loo  per  cent,  efficient. 
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CHAPTER   II 

The  Farm  Icehouse 

The  advantage  and  convenience  of  having  a 
good  supply  of  ice  is  far  beyond  the  small  cost  of 
gathering  it,  not  only  to  the  general  farmer  but 
also  to  the  dairyman,  the  country  merchant, 
and  the  rural  dweller.     Many  times  a  vacant 
shed,  a  comer  of  the  bam,  an  unused  cellar,  an 
empty  silo,  a  vegetable  storehouse,  a  dry  well, 
or  even  an  old  cistem  in  the  ground,  when 
properly  cleaned  and  fitted  up  in  accordance 
with  the  principles  here  given,  will  serve  as 
a  satisfactory  icehouse  for  many  years.    The 
successful  icehouse  is  not  necessarily  the  most 
expensive  one.     In  southern  Virginia  a  hole  dug 
in  the  ground  entirely  above  the  water  level  and 
lined  with  native  clay  held  ice  satisfactorily 
through  the  fall.    Its  only  covering  was  of  leaves 
and  pine  boughs.    This  is  the  type  used  by  the 
Romans  in  the  eady  ages  to  keep  snow,  and  it  is 
now  quite  common  in  many  parts  of  this  country. 
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As  another  extreme  of  simple  construction,  a 
farmer  m  New  York  State  built  four  walls  of 
single  thickness  of  board  supported  by  up- 
right green  poles  freshly  cut  from  the  woods. 
He  filled  It  with  ice  surrounded  by  a  foot  of  saw- 
dust, using  a  layer  of  sawdust  for  a  floor  and 
another  layer  for  covering.  It  had  no  roof, 
doors,  nor  windows,  and  the  ice  kept  all  summer 
without  much  waste. 

It  is  obvious  from  these  two  examples  that 
building  material,  whether  wood,  earth,  stone, 
bnck,  or  concrete  may  not  be  the  deciding 
factor  in  the  keeping  of  ice.     The  secret  is  in 
the  stnct  observance  of  four  principles  all  of 
which  finally  reduce  to  one,  namely,  good  in- 
sulation.   The  four  principles  are:  first,  there 
must  be  good  under-drainage  to  carry  off  the 
melted  ice,  for  otherwise  it  would  form  a  con- 
ductor of  heat  to  the  remainder  of  the  ice 
stored,  and  would  gradually  melt  it  from  under- 
neath.    Water  melts  ice  much  faster  than  air, 
for  the  latter  merely  affects  the  surface  while 
the    former   penetrates    throughout.     Second, 
there  must  be  perfect  ventilation  at  the  top  of 
the  ice  in  order  that  the  covering  of  sawdust, 
St)  iw,  hay,  moss,  or  leaves  may  be  kept  as  dry 
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as  possible  so  that  it  will  not  form  a  conductor 
for  the  heat  from  the  air  and  melt  the  ice  on  top. 
Third,  the  ice  must  be  packed  so  as  to  prevent 
the  circulation  of  air  through  the  mass,  for  there 
is  certain  to  be  some  heated  air  enter  into  the 
hor.se  when  the  doors,  windows,  ventilators,  or 
top  are  opened.  These  currents  of  air  rapidly 
warm  up,  while  dead  air  does  not  readily  become 
heated  because  of  the  fact  that  air  is  a  very 
poor  conductor  of  heat.  Fourth,  good  insu- 
lation at  the  sides  and  bottom  must  be  care- 
fully provided. 

The  size  of  the  house  needed  may  be  deter- 
mined from  the  fact  that  a  ton  of  stored  ice 
occupies  approximately  42  cubic  feet  of  space. 
The  average  size  of  house  for  a  small  farm  is 
about  ten  feet  high  from  the  ground  to  eaves  with 
an  inside  area  12  x  14  feet.     After  allowing  for 
the  space  occupied  by  the  sawdust  around  and 
under  the  ice,  this  will  give  room  for  the  storage 
of  from  25  to  28  tons  of  ice.     A  cubic  foot  of 
solid  ice  weighs  close  to  57J  pounds,  so  that 
35  cubic  feet  of  solid  ice  would  weigh  a  ton. 
From  this  we  can  estimate  the  amount  possible 
to  cut  from  a  pond.    The  thickness  of  the  cakes 
cut  ranges  from  six  inches  in  the  central  states 
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to  i6  and  even  20  inches  in  the  north.  Prob- 
ably 12  to  14  inches  is  the  average.  The  cakes 
are  cut  various  sizes  also,  perhaps  12  x  16  and 
16  X  16  are  common  sizes,  but  this  is  not  im- 
portant. Assuming  cakes  12  inches  thick  and 
12  X  16  inches,  there  will  be  26  of  them  to  the 
ton,  each  one  weighing  76^  pounds.  In  the 
field,  allowing  for  breakage  and  waste,  a  surface 
of  so  feet  square  will  harvest  45  tons  of  12-inch 
ice. 

Having  determined  upon  the  size  of  house 
and  the  outlay  of  money  that  can  be  afforded, 
it  remains  to  determine  the  material  to  be  used 
and  the   plan   to   be   followed.     Beyond   any 
reasonable  doubt  wood  is  better  in  many  ways 
than  stone,  brick,  or  concrete  for  icehouse  con- 
strucrion,  although  any  of  these  may  be  used  with 
'  satisfaction  if  the  ice  is  packed  far  from  the  walls 
and  well  insulated  from  them  by  ten  or  twelve 
inches  of  sawdust.     The  only  objection  to  wood 
which  any  one  can  have  is  its  tendency  to  rot 
under  the  continued  influence  of  moisture  inside 
and  dryness  outside.     For  this  reason  cypress 
is  to  be  highly  recommended  as  a  serviceable 
wood,  although  pine  will  last  for  some  years  and 
is  quite  generally  used  in  pracdce. 
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For  a  foundation  concrete  is  best,  all  things 
considered.    Let  it  go  into  the  ground  below 
the  frost  line  and  extend  a  foot  above  ground  to 
keep   the  sills   dry.     Unless  the   soil   is  well 
drained,  there  should  be  a  main  ditch  with  side 
branches  cut  in  the  floor,  covering  the  whole 
space  below  the  ice,  the  main  ditch  leading  out 
on  the  lower  side.     Fill  the  ditches  with  broken 
stone,  crockery,  brick,  or  clinkers,  and  spread  a 
thin  layer  over  the  whole  floor.     On  top  of  the 
stone  place  a  layer  of  straw  covered  with  a 
thickness  of  coal  ashes.    On  top  of  the  ashes 
floor  boards  may  be  placed  with  cracks  between 
them  to  allow  free  drainage  of  tht  water  from  the 
melted  ice.     More  often,  however,  the  boards 
are  dispensed  with  and  an  eight  or  ten  inch 
layer  cf  sawdust  put  directly  on  the  ashes,  the 
ice  being  packed  on  that. 

The  walls  may  be  either  single  or  double,  but 
should  be  built  with  matched  boards  or  papered 
with  tar  roofing  paper.  I  should  recommend 
both.  The  paper  is  cheap,  costing  $1.50  to  $2 
for  a  soo-foot  roll,  so  it  does  not  add  much  to 
the  cost  of  the  work,  but  it  does  give  a  much 
better  house.  If  the  single  walls  are  papered 
It  should  be  done  on  the  outside,  of  course, 
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while  if  the  building  is  made  with  double  walls 
the  papering  should  be  on  the  sides  within  the 
air  space.     Double  walls  are  much  better  for  in- 
sulation and  may  be  easily  provided  by  nailing 
the  boards  on  both  sides  of  the  2  x  4  joists  used 
as  upnghts.    This  leaves  a  four-inch  dead  air 
space  between  the  walls  which  should  not  be 
filled  with   sawdust   nor  with   anything  else. 
1  he  best  insulator  we  have  is  dead  air,  and  the 
puipose  of  sawdust,  felt,  wool,  shavings,  and 
such  substances  is  merely  to  keep  the  air  dead 
that  is,  these  substances  prevent  circulation 
of  air  by  catching  small  quantities  in  the  spaces 
between  the  particles.    The  use  of  these  sub- 
stances IS  not  to  be  recommended  either  in 
icehouses  between  walls  or  in  the  walls  of  cold- 
storage  boxes.     In  either  case  the  filling  would 
become  damp  and  remain  so,  thus  rotting  the 
construction  from  the  inside.     In  cold-storage 
boxes  It  also  will  absorb  and  retain  the  odours, 
making  the  box  unfit  for  keeping  eatable  prod- 
uce.    Furthermore,  when  damp  such  fillings  are 
reasonably  good  heat  conductors. 

In  the  air  space  between  the  boards,  in  the 
icehouse  construction,  every  three  or  four  feet 
up  there  should  be  a  strip  of  tarred  paper  tacked 


THE  FARM  ICEHOUSE  ,7 

to  form  a  horizoi  tal  partition,  thus  preventing 
any  up  and  down  circulation  of  the  air.  The 
result  of  this  construction  is  that  the  ice  is 
surrounded  by  walls  consisting  of  a  large  num- 
ber of  boxes  containing  dead  air.  Th..e  boxes 
W.11  oe  from  three  to  four  feet  square  and  four 
mches  thKk  (the  thickness  of  the  air  space). 

fhe  sills  of  the  house  should  be  laid  directly 
on  the  concrete  foundation  and  in  close  union 
with  the  concrete  to  prevent  entrance  of  the  air 

fouT"  n       ;      '"  "^  '*P*"*"«  "  •>"  been 
found  well  to  lay  a  coating  of  tar  or  asphalt  on 

the  foundation  walls  and  on  this  put  the  sills, 
thus  makmg  an  air-tight  job.     There  must  be 
no  entrance  of  air  underneath  the  ice.    It  is 
true  that  a  small  amount  will  enter  through  the 
drain  .f  the  latter  is  not  trapped,  but  this  is  not 
sufficient  to  do  any  harm.    In  a  commercial 
house  of  large  size,  however,  the  drain  should  be 
of  tile  and  trapped  as  it  comes  from  under  the 
.cehouse.     Preferably,   too.   there   is   a   drain 
around  the  foundation  on  the  outside,  both  of 
the  drams  being  brought  together  and  led  away 
to  a  lower  level.  ' 

TTie  roof  for  a  small  building  may  be  almost 
anything  to  shed  the  rain,  keep  off  the  sun,  and 
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provide  good  ventilation.  The  latter  feature 
is  the  one  most  important  point  in  connec- 
tion with  building  the  house.  The  ventilators 
should  be  closeable  and  kept  closed  on  foggy 
days  and  nights.  For  this  reason  trap-doors 
on  the  sides  and  roof  are  preferable.  The  roof 
thould  be  a  V-shaped  or  hipped  roof,  with  trap- 


Fig.  7.— Simple  roof  ventibtors  for  icehouse  construction. 
Ihjs  view  shows  a  trap-door  arrangement  for  the  end  walls, 
givmg  opportunity  for  proper  ventilation 

doors  at  each  end  and  at  the  ridge.  Near  the 
top  of  each  end  wall  arrange  a  small  door.  Each 
fine,  dry  day  open  one  of  these  doors  and  the 
opposite  trap  so  that  the  air  may  circulate  freely 
and  keep  the  top  dressing  or  covering  of  saw- 
dust dry.  This  top  dressing  should  not  be  too 
thick,  the  practice  being  to  have  it  from  eight  to 
twelve  inches.    The  dressing  must  oe  looked 
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after  and  kept  dry  at  any  cost.  It  will  be 
found  helpful,  although  a  nuisance,  to  divide 
the  top  layer  by  a  thick  layer  of  newspaper 

In  packing,  the  first  layer  is  commonly  placed 
on  edge   rather  than  being  laid  flat.      There 
IS  no  less  wasting  that  way,  for,  although  each 
cake  wastes   less,   there   are   more    cakes    on 
the   floor.     Sometimes   this    plan   is    followed 
throughout,  the  advantage  being  that  in  break, 
ing  the  ice  out  there  is  less  adhering  surface 
between  the  cakes.     It  is  harder  to  pack  this 
way,  however,  and  the  liability  to  undue  side- 
wall  pressure  is  greater.     At  least  every  third 
layer,  no  matter  how  packed,  should  be  laid  so 
as  to  break  the  joints  of  the  previous  layer  that 
there  may  be  no  circulation  through  the  mass. 
1  he  packing  can  be  done  up  to  within  six  inches 
of  the  side  walls  if  a  double  wall  is  used,  and  up 
to  within  eight  or  ten  inches  if  a  single  wood 
side     As  stated  before,  if  concrete,  stone,  or 
bnck  IS  used,  there  should  be  from  ten  to  twelve 
inches  left  around  the  sides.     In  every  case  the 
space  left  should  be  filled  with  sawdust  lightly 
tamped  into  place  but  not  rammed  tightly 
Hard    tamping    forces    the  sawdust  down  so 
solidly  as  to  remove  most  of  the  air,  while  light 
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tamping  keeps  the  mass  porous  but  yet  held  to- 
gcther  tightly  enough  to  retain  the  air  and  pre- 
vent Its  escape  or  circulation. 

In  conclusion,  it  should  be  said  that  the  cakes 
must  be  cut  as  true  as  possible,  and  no  small 
pieces  or  broken  cakes  should  be  allowed  to 
enter  the  house.  The  ice  should  be  packed  in 
freczmg  weather  so  that  the  cakes  will  be  dry 
and  not  freeze  together  in  the  house.  Each 
cake  should  be  kept,  an  inch  or  an  inch  and  a 
half  from  its  neighbour  on  every  side. 


CHAPTER    III 

The  Principles  of  Cold  Storage 

Most  progressive  farmers  have  learned  the 
value  of  the  individual  icehouse,  yet  have  not 
realized  that  the  most  economical  way  of  using 
the  ,ce  cannot  be  developed  without  4  prop- 
erly constructed  cold-storage  chamber.    Cream- 
ery and  cooperative  cold-storage  chambers  are 
getting  to  be  quite  common  now,  and  their  im- 
portance is  realized.     As  the  farmer  observes 
them   m    use   he   will   undoubtedly   come   to 
appreciate  the  value  to  him  of  a  similar  house 
built  on  a  smaller  scale. 

The  details  of  construction  may,  as  in  the 
case  of  the  icehouse,  be  widely  varied  to  suit 
particular  needs.  There  are  certain  fundamen- 
tal pnnciples  which  can  be  laid  down  for  guid- 
ance, however,  and  close  adherence  to  them 
will  mean  success  in  the  construction.  Satis- 
factory insulation  can  only  be  obtained  through 
the  use  of  double  walls  for  the  chamber,  in  this 
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Ihe  a.    withm  the  space  must  be  d,ad  air  so 

c  led  t  "'^",'"**«"  -=""»  with  some  s<^ 
called  non-conductmg"  substances  such  « 
the  following  named  in  the  order  of  their  desi" 

ftraw,  charcoal,  cork,  and  others.  The  insulat- 
■ng  properties  of  these  substances  are  Targelv 
owing  to  the  fact  that  they  enclose  in  the  riny 
spaces  between  the  individual  particles  smaU 
-ounts  of  dead  air  which  cannot  sTp 
That  air  is  the  insulator.    For  this  reason  the 

be  I^htly  tamped  into  place  rather  than  rammed 
hard.     For  cold-storage  work  it  should  be  borne 
■n  mind  that  something  must  be  chosen  wh"h 
does  not  readily  absorb  moisture  and  odours 
Ihere  is  no  one  substance  which  does  not  do 
th     to  some  extent.     If  the  building  can  be 

sp    ered"""."*  '?"''  ""'  '"'«'"''  ^ 
no    L  fi  I  7'    u"""*  ""P"'  "-^  ^P^«  need 

would  be  a  decided  detriment. 
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gases  and  impunties  from  the  stores,  so  it  is  verv 
d  sirable  that  the  air  in  the  chamber  be  kept"^ 

in^irx'-xttrci";-- 

contactwith  them  rather thanbyradiatt„.% 

wh  ch  .h'  "  '""^  '"  "-'^  ''"y  ">«  -noisture 
Which  the  air  contains  will  be  deposited  on  th» 

stores  and  not  on  the  ice     TK.c     r  ^ 

'  """^^  *ce.     inis,  of  cour«5p  will 

cause  some  of  the  oackeH  m./  •  i        l    * 
tainted.  ^        ^  "'"'"""^  ^°  ^^^^n^e 

To  get  a  good  circulation  it  is  necessary  to 

air  nses.  All  that  needs  to  be  looked  out  for 
then  IS  to  have  the  ice  box  above  the  leveUf  the 
storage  space  floor  and  to  introduce  the  c^  a 

an  fudet     T  °^  ""'  "°"8^  ^P^«'  Providing 

for  th    he«  /"""'  "  ""^  '"P  °f  "-e  chamber 
•or  the  heated  air  to  go  back  to  be  cooled  and 

Smbf      "f  """"""•     ""'  =■  -""  chamber 
enter  all  along  the  lower  edge  and  the  warm  air 
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taken  out  the  upper  and  diagonally  opposite 
cage,     ihis  will  make  it  necessary  for  the  air 
to  cross  and  circulate  all  through  the  storage 
space  before  reaching  the  outlet.     In  a  larger 
chamber  the  cold  air  could  be  introduced  at  the 
centre  of  the  floor  and  taken  out  at  each  of  the 
upper  side  edges.     In  a  still  larger  room  the  cold 
air  may  be  introduced  along  two  side  edges  at  the 
bottom  and  allowed  to  go  out  through  two  side 
edges  at  the  top.     Shields  or  deflectors,  which 
maybe  made  of  wood  jiainted  with  enamel,should 
be  placed  so  as  to  prevent  thecold  air  as  itwarms 
up  going  from  the  inlet  opening  directly  to  the 
outlet  openmg  without  circulating  through  the 
room.    These  deflectors  should  slope  from  the 
bottom  up  and  be  placed  just  over  the  cold-air 
inlets  so  that  as  the  cold  air  warms  it  will  rise 
along  the  deflector  toward  the  outlet.     Care 
must  be  taken  not  to  place  the  deflectors  so 
as  to  pocket  any  warm  air-that  is,   do  not 
make  them  so  that  any  body  of  warm  air  will  be 
caught  m  an  upper  comer  and  have  to  go  down- 
ward to  escape.     Deflectors  are  only  necessary 
where  the  outlet  is  nearly  over  the  inlet  and  a 
path  from  one  to  the  other  does  not  lead  through 
or  near  the  centre  of  the  storage  space. 
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Ventilation  is  essential,  but,  except  in  very 
large  rooms,  it  is  satisfactorily  taken  care  of  by 
the  opening  and  closing  of  the  entrance  door. 

Ihe  packing  of  stores  in  cold  storage  is  a 
science  in  itself  and  can  only  be  taught  by  ex- 
penence.  The  general  rule  is  of  value,  however, 
and  will  take  care  of  most  difficulties.  It  is  to 
pack  the  stores  fairly  close  together  and  leave 
a  space  between  them  and  the  walls  so  as  to 
allow  a  path  for  the  circulating  air.  Never 
pack  up  close  to  the  walls. 


CHAPTER   IV 

The  Waterproofing  of  Concrete 

Concrete   needs   no  waterproofing  if  it  is 
properly  mixed  and  laid.     Water  leaks  through 
because  the  mass  is  porous.     If  we  consider  the 
matenals  entering  into  concrete  construction 
and  the  theory  upon  which  the  structure  is  based 
this  fact  will  become  clear  to  us.     Concrete  con- 
tarns  cement,  sand,  and  stone.    The  stone,  if 
used  alone,  is  extremely  porous,  for  the  spaces 
between  the  individual  stones  are  quite  marked. 
The  theory  is  that  the  sand  used  goes  to  fill 
these  spaces.     Yet  even  then  there  are  spaces 
between  the  sand  grains  and  water  will  pass 
quite  readily.    These  spaces,  however,  are  filled 
with  the  cement,  the  particles  of  which  are  so 
very  much  smaller  than  the  grains  of  sand. 
The  cement  particles  do  more  than  merely  fill 
the  spaces  between  the  sand  grains.    They  cover 
the  individual  grains  and  cement  them  together, 
embedding  the  stones  within  the  whole  mass. 
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It  is  apparent  that  if  all  the  spaces  are  filled 
water  cannot  leak  through,  while  if  the  mass  is 
filled  with  tiny  pores  not  only  will  water  pass 
through  but  these  pores  or  tubes  will  suck  up  or 
absorb  water  from  the  ground  and  from  the 
moisture  which  condenses  from  the  atmosphere, 
buc    -^,11  be  the  case  if  the  concrete  is  "poor" 
or     lean»'-that  is,  if  it  does  aot  contain  the 
proper  proportions  of  materials  or  the  proper 
sizes   of  particles   to   enable    the   cement  to 
thoroughly  unite  the  ingredients.    Cement  is 
the  costly  part  of  the  concrete  and  the  temp- 
tation IS  to  use  as  little  of  it  as  possible.    This 
does  not  pay  in  building  any  foundation  walls, 
cisterns,  tanks,  and  such  structures  where  it  is 
necessary  to  prevent  the  flow  of  water  through 
the  walls.     If  the  wall  does  leak,  there  are  but 
t;^o  things  to  do  in  order  to  remedy  the  defect: 
ii^ither  the  pores  must  be  plugged  up  with  some 
substance  which  is  not  porous  to  water,  which 
IS  not  dissolved  by  water,  which  may  be  easily 
and  cheaply  applied,  and  which  will  not  chemi- 
cally  attack  the  concrete,  or  a  separate  layer 
of  waterproof  material  must  be   laid  against 
the  surface   of  the   concrete,  using  the   con- 
Crete  merely  for  its  mechanical  strength   and 
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tmsting  entirely  to  this  auxiUary  layer  to  repel 

It   is   perhaps  obvious  that  in  every  case 
where  .t  ,s  possible  to  do  so  the  water^oofin" 

«"r»  ::  ''T  ''"""''  "'  ''"''''  "  '•■'  con- 
crete on  the  side  next  to  the  water.     Unless 

water  and  the  waterproofing  will  simply  pre- 
vent  the  water  from  flowing  out.  Under \hese 
conditions  neither  the  waterproofing  nor  the 

sexier  Th""'  '"'^^^  '"''"'y  "-f-i 

creTe    neel^  ^T,"" ""  "'  '"'^'"of  ~- 
Crete   needs    carefulness  and  thorough  work- 

manship,  but  when  we  consider  the  difficulty  of 

making  a  real,  lasting  job  of  waterproofing, 

set  th  T  T"'""''  "  '-^'  "  '^U  '- 

seen  that  care  in  the  mixing  and  laying  is  more 

than  repaid.    There  are  several  good  water! 

proofing    proportions    diflfering    but    slightly 

Ihe  1-2-4  mixture  is  most  commonly  used.' 

sand  and  four  parts  of  gravel  or  broken  stone. 
With  these  proportions,  one  bag  of  cement 
mixed  with  the  proper  amounts  of  sand  and 
gravel  will  give  a  bulk  of  finished  concrete  meas- 
uring  about  four  cubic  feet. 
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uL  in  .v^  L  ""y  ''*  Poreh^ed  ready  for 
use  .n  either  bags  or  barrels,  but  the  bags  are  f^r 
more  convenient  for  handling.  The  «„d  and 
stone  may  be  obtained  anywhere  It"!  i,^ 
portant,  however,  to  have  tCm  dean  w  ih  To' 
mud  or  sediment  clinging  to  then,  or  nCt^Z 
them.    To  be  sure  of  this  they  may  be  piled  on 

Li^.^h°;irts™  r  '^"-^^^ 

u  wicn  water,  turning  them  over  several 

irc^arse^'a^nteTr  "^r""  "  '  ""^^^^ 
results     Th.L  r  .  *  "'°'*  "vomica! 

0^1.  J  "'  'P""'  '""'«''"  the  particles 
of  fine  sand  are  more  and  the  total  surface  of 
the  sand  particles  which  the  cement  mus'lt 

with  ,  .-.  n  concrete.     Coarse  sand, 

with  a  small  amount  of  fine  sand  mixed  in  is     ' 
desirable,  for  the  fine  sand  fills  up  some  of  the 
spaces  between  the  coarse  particles  and  „'£: 
a  more  solid  concrete.    It  will  always  pTv  to 
buy  c^arsesand  rather  than  use  fine  sLd  wLch 

^«tgre« '  '"""^^'"'  "^"«  '"  — e 
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a  better  concrete  than  broken  stone.     It  is 
more  dense  and  it  is  stronger  after  it  has  aged 
Panjcularly  .s  this  true  of  a  gravel  of  ,JZ 

thU't  "T"',  ''T'''  ''*  •"™<'  =■  «"k  wetter 
than  .s  ordmanly  done,  and  the  mixing  must  be 

thorough  ,„  order  that  the  proportions  may  be 
properly  mtermingled.  In  laying,  g.eat  care 
mu«  be  exercsed  not  to  separate  out  the  in- 
gredients by  pounngor  dropping  from  a  bucket 
or  barrow  through  a  considerable  height.  If  this 
.sdone,thejobwillbespoiIed.  Aftef laying, the 
concrete  should  be  tamped  slightly  in  ordtr  to 
dnve  out  the  a,r  and  fill  the  voids  or  holes. 

sti!:i'"V^'-  "■'  '"^="='  '»y"'  'l-ould  be 

Ztu    ^W  '"'"''  '"  P'«  J  "  between 
he  wall  and  the  form  and  drawn  up  and  down 

.n  order  to  slightly  "puddle"  the  surfa^ 
dnvmg  back  the  gravel  a  little  and  leaving  X 
surface  with  a  grout  as  nearly  airless  and  non! 
porous  as  possible. 

By  following  the  suggestions  given,  the  con- 

crete  that  will  not  absorb  moisture  to  some 
extent  cannot  be  made.     I,  is  only  possible  to 


THE  WATERPROOFING  OF  CONCRETE    31 

prevent  absorption  by  adding  some  waterproof- 
ing compound  to  the  concrete  when  mixing,  or 
by  treating  the  surface  of  the  concrete  after  it 
IS  laid.    The  mixture  laid  under  the  above  con- 
ditions IS  dense  and  close  grained  due  to  the 
excess  of  cement,  and  it  is  without  air  bubbles 
because  of  the  excess  water.     It  is  filled  with 
very  tiny  capillary  tubes  which  will  not  allow 
the  passage  of  water  yet  will  absorb  it  in  small 
quantities.     This  is  undesirable  in  many  places 
where  concrete  is  used,  and  to  prevent  it  some 
one  of  the  following  methods  are  employed 

If  It  IS  old  work  which  is  to  be  protected, 
only  surface  coatings  can  be  used,  and  their 
object  IS  a  filling  of  the  pores  spoken  about. 
1*  our  substances  are  commonly  used  for  this 
namely:   neat   cement,  asphalt,  paraffin,   and 
an  alum-soap  compound.     This  last  is  known 
a^the  Sylvester  treatment,  and  is  one  of  the  most 
effective.     In  a  different  form  it  is  used  also  for 
new  work  as  will  be  explained  later.     For  sur- 
face  coating  a  hot  castile  soap  solution  is  made 
by  dissolving  three  quarters  of  a  pound  of  the 
soap  m  one  gallon  of  hot  water.    An  alum 
solution,  of  one  half  a  pound  of  alum  to  four 
gallons  of  water,  is  then  prepared.    The  sub- 
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«ance,  are  thoroughly  dissolved  and  altematelv 

apphedror^e  wall,  rhe  latter  being  Sy 
eZ'u  kL  "P  '°'""''"  "  «"«  applied,  a 
avoid  Tubh^'"*  ""'  "'"'  "-  ''«''«  "ken  to 
r  dl  r  ""'•""«  ""  ""''•  After  this 
coat  d„e.  for  twenty-four  hours,  a  coating  of 
the  alum  water  .s  put  on  and  allowed  to  dry  for 
a  similar  length  of  time.    In  this  way,  alternate 

Ihere  is  a  chemical  process  which  takes  nlace 
between  the  substances  used,  the  resulting  cm! 

rrdst'o'?^"* ""  "",  -^'^  '"  *•■«  «■»«■«• 

materia  Ik'  ?"^'"  '"  *"°  ~«'"8»  -^  "'h 
matenal  will  be  from  35  .0  40  cents  per  square 

us!d"f "'  "'11'°"!''  "'^"  «P™''^«.  ■■«  often 

applied  while  hot,  the  walls  also  being  slightly 
warmed,  or  it  may  be  dissolved  in  some  sofv„t 

common  kind,  these  liquids  quickly  evaporat! 
coat  ng  ^„  ,„„  ,„  ^^^  neighbourhood  of  jo 

youlu-  Ld'd""  '"'•     "  ^°"  ''°  "-e  work 
yourself  and  do  not  count  the  cost  of  your  own 
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Seed."  '""'"•  ""•  -"  -"  "«  ■"-rialiy 

Asphalt  and  other  bituminous  product,  are 

the  eas^st  to  handle  and  the  su,e«  rf"Llt" 

P^k^ki      L  ^'      ''   '^""''"  coatings  given 
Piobably  the  cost  for  two  coats  will  not  exc  "i 
25  cents  per  square  yard. 

an?w«erT- "  "  '"''"""  °'  "■"««'  ""<•. 
ana  water  or  just  cement  and  water,  verv 

.qujd  and  applied  like  paint.    It  is  no    ^^ 

f  ™«  "?'"  •«*''  °"  o"  concrete,  foil 
readily  peels  or  cakes  off  after  a  sho^  tim" 

le  sUrT'^  ""'''  ""»  <"  »  ■"-«««  of 
hand,  .  """'  '""'  P'««'  enough  to 
handle  wth  a  trowel  is  the  most  universaUy 

The  surface  coatings  spoken  of  are  as  valuable 

for  concr«e   blocks,    brickwork,    and   poro" 

«one   as  for  straight  concrete  work.     (Zl 

^;\"«f'/''y  "ttle  attention.  althouSt 

W.I   absorb  from  3  to  j  per  cent,  of  its  weX  of 

will  ofr,n    k     u  r         ^' ''°"""°''  Wck  used 
wlht  „  ^T  '*  "  ^5  per  cent,  of  it, 

weight  m  water.    Concrete  blocks,  especially  if 
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made  by  the  continually  tamping  process  known 
*  wki      ^'^^''*  *■"*  «tremely  porous. 

While  the  above  coatings  appear  to  be  satis- 
factory for  simple  work,  in  large  structures 
«uch   as  dams,   reservoirs,  and   sewers  much 
more  care  must  be  taken.     Strong  layers  are 
used    because   of  the   heavy  water   pressure 
agamst  them.     Felt  or  burlap  saturated  with 
tar  or  pitch,  rolled  in  a  continuous  layer  against 
the  wall  and  held  there,  is  not  only  a  satisfactory 
water  retainer  but  also  prevents  the  leakage  of 
foul  gases  which  cliemically  attack  the  con- 
crete.    A  method  known  as  the  integral  process 
IS  practised  where  it  would  be  too  expensive  to 
use  the  thorough  workmanship  described  in 
the  early  part  of  this  article.     This  consists  in 
the  addition  to  the  cement,  when  mixed,  of  some 
fine,  dry  powder  consisting  of  extremely  small 
particles,  usually  alum  and  lime.    These,  because 
of  their  size,  may  fill  in  the  spaces  between  the 
cement  and  sand  grains  and  make  the  whole 
structure  more  dense.    Usually  only  the  cement 
which  hes  near  the  surface  is  thus  treated.     Still 
another  treatment  is  to  add  some  soap  or  oil 
emulsion  to  the  mixture.    This  forms  a  jelly 
withm  the  concrete  and  fills  the  pores. 
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La«Iy,  the  well-known  Sylvester  proce., 
before  mentioned  i.  u.ed.  Alun-  i.  added  to 
the  cement  and  ca^tile  «,ap  i.  added  to  the 
water  with  which  the  mixture  is  made.    Chem- 

compound  which,  as  before,  fills  the  spaces 
Many,  many  other  substances  may  be  used.    In 

wali'sr^  t"""  T  ""terproofing  a  cracked 
wall  filled  the  crack,  with  com  stalk  pith  and 
w«  ■ .  causing  .t  to  swell  and  fill  the  cracks  com- 

t '^n  n  J^  *•""''  °''J*«  "f  waterproofing  is 
to  fill  all  holes,  pores,  and  cracks.    Any  method 

of  doing  this  satisfactorily  is  entitled  to  con- 
sideration. 


CHAPTER  V 

Artificial  Stones  and  Composition 
Flooring 

There  a«  a  number  of  artificial  stones  on 
the  market  which  may  be  readily  used  by  any 
one     They  may  be  used  in  blocks,  as  concrete 
blocks  are  used,  or  as  a  covering  for  making  a 
structure  either  fireproof  or  waterproof    "Hie 
htter  .s  perhaps  of  most  interest  to  farmers. 
Wten  ,t  .s  desired  to  cover  old  floors  or,  with 
the  mstallation  of  bathroom  fixtures  in  the 
house,  It  .s  desirable  to  make  a  waterproof  floor. 
Jor  this   latter  purpose  the  various  modifi- 
cations  of  Sorel  stone  are  highly  recommended. 
Its  strength  and  hardness  exceed  that  of  any 
oth«  yet  produced,  and  it  is  one  of  the  cheapen 
of  the  artificial  stones.     For  stable  and  stall 
floors  I,  IS  also  of  considerable  value,  for  it  is 
sanitary,  easy  to  clean,  and  wears  irell. 

There   are  almost  as  many  different  vari- 
eties as  there  are  users  of  the  stone,  for  every  one 

3< 
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makes  some  little  change  in  the  details  of  mix- 
ing.   The  fundamental  thing  is  to  mix  in  with 
the  various  filling  substances  an  "oxychloride 
bmder"  which  is  nothing  more  nor  less  than  a 
solution  of  magnesium  oxides  and  chlorides. 
This  IS  used  to  moisten  the  filling  substances  in 
the  same  way  as  water  is  used  in  concrete  work. 
The   fillers   here   may   be   almost   anything— 
shredded  wood  or  cloth,  sawdust,  asbestos,  sand, 
ashes,  pebbles,  etc.     You  may  buy  the  material 
all  ready  for  use  from  any  large  paint  shop  or 
hardware  store  and  do  the  work  yours  a",  or  you 
can  get  any  of  the  companies  selling  the  sub- 
stances to  do  the  work  for  you.     You  may,  if 
you  like,  mix  up  the  ingredients  and  make  your 
own  stone. 

If  you  buy  the  material  ready  to  use,  you 
will  get  two  packages.  With  one  kind  the 
packages  contain  powders  which  must  be  mixed 
together  and  water  then  added.  With  the  other 
kinds  of  composirion  one  powder  and  one  liquid 
IS  purchased  and  the  two  mixed.  The  mixture 
IS  made  somewhat  stiffer  or  thicker  than  ordi- 
nary cement  and  is  spread  on  the  old  floor,  or  on 
the  flooring  built  to  receive  it,  to  a  depth  of 
half  an  inch.     The  surfacing  must  be  well  done 
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and  not  left  rough.  I,  will  "set"  overnight  and 
W.1I  be  hard  enough  then  to  walk  on  if  care", 
observed   but  the  fl«,r  should  not  be  used  for 

w.  I  elapse  before  the  floor  reaches  an  even 
colour  all  over.  From  time  to  time  it  will  be 
necessary  to  remove  the  white  blotches  by 
s-mply  washing,  the  spots  being  caused  by  the 
chemical  action  going  on  in  the  floor  material. 

f™  r.     "";V''1''°°"^"  •>«  «one  hard  and.  of 
course  w,l   be  fireproof  and  waterproof.    TCs 
.s  a  valuable  characteristic,  for  almost  all  arti- 
haal  stone  m  common  with  brick  and  concrete 
«  very  porous  and  open  to  the  absorption  of 
Zn  ;   Composmon  floorings,  however,  are  not 
open  to  this  senous  objection.    Any  desired 
colour  may  be  added  to  the  composition,  the 
earth  colours  giving  the  best  results 

Although  this  flooring  has  but  just  been 
feceiving  the  attention  of  private  builders,  it 
.»  not  a  new  thing.  There  are  hundreds  of 
patents  for  different  mixtures,  and  one  kind  or 
another  has  been  used  on  the  floors  of  railroad 
car^,  m  public  buildings,  and  similar  places  for 
at  least  twenty  years.  Recently  some  of  the 
important  patents  expired,  and  during  the  past 
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ten  years  as  many  as  fifty  companies  manu- 
factunng  composition  have  come  into  existence. 
5>pecifically,  the  ingredients  of  one  of  the  best 
compositions  are  as  follows: 

50  parts  (by  weight)  of  calcined  (burned)  mag- 
nesite. 

IS  parts  of  dolomite  (marble  dust). 
5  parts  asbestos  (shredded). 
15  parts  sawdust. 

2^  parts  silicate  of  magnesium. 
II  parts  of  earth  colours. 

Mix  the  above  powder  very  thoroughly  and 
add  the  following  liquid  until  the  proper  con- 
sistency is  obtained.  Frequently,  to  make  a 
better  union  of  the  elements,  the  above  powder 
IS  added  to  I J  parts  of  muriate  of  ammonia. 

Ihe  liquid:  equal  parts  of  water  and  chloride 
01  magnesia  solution. 

In  another  composition  flooring  the  materials 
are  mixed  at  the  shipping  point  and  the  receiver 
adds  water  and  burned  or  calcined  magnesite. 
J n  this  the  specific  materials  are: 
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85  parts  magnesium  chloride  solution 
36  parts  of  any  filler  such  as  sawdust,  ashes, 
etc. 

25  parts  of  infusorial  earth  or  fossil  flour. 
Add  to  the  above: 

100  parts  of  pulverized  burnt  magnesite. 
431  parts  of  water. 
Desired  colouring  material  as  red  oxide  ochre. 

All  of  these  substances  are  cheap.  The  mix- 
tures as  retailed  by  manufacturers  are  about 
hfteen  cents  per  square  foot  of  floor  surface  for 
the  substance  and  an  equal  amount  for  doing 
the  work  Unless  you  are  willing  to  take  great 
pams  with  the  laying  and  finishing  of  the  floor, 
an  expert  should  be  allowed  to  do  it. 

By  using  the  above  mixture  but  'subsrituting 
large  pebbles  or  stones  for  part  of  the  filling 
matenal  suggested,  a  first-class  concrete  is 
obtamed.  The  same  mixture,  also  omitting  the 
filhng  matenal  and  colouring  matter,  and  add- 
ing the  proper  sand  or  sharp,  small  stones,  may 
be  used  for  the  formation  of  grindstones,  emery 
wheels,  etc.  ^ 
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Another  common   artificial  stone  used   for 
blocks  and  slabs  is  known  by  the  name  of  Ran- 
some  stone.    It  is  fonned  by  mixing  sand  and 
the  sihcate  of  soda  in  the  proportions  of  a  bushel 
of  sand  to  a  gallon  of  the  silicate.     The  mixture 
IS  now  very  easily  worked  and  is  rammed  into 
molds  for  blocks  or  ornamental  shapes,  or  may 
even  be  rolled  into  slabs  for  walks,  paths,  and 
such  purposes.    The  slabs  or  blocks  may  then 
be  cut  m  any  desired  way.    After  being  made 
m  just  the  shape  and  size  desired,  they  are  im- 
mersed in  a  hot  solution  of  calcium  chloride 
which  IS  under  pressure  so  as  to  force  it  through 
the  pores.    The  chemical  action  between  the 
sand,   the  silicate  of  soda,  and   the  calcium 
chlonde  forms  a  hard  and  non-porous  cement- 
mg  substance  in  the  spaces  between  the  sand 
particles,  while  some  sodium  chloride  is  formed 
in  the  process  and  must  be  washed  out  by 
thoroughly  drenching  the  blocks  or  slabs  with 
cold  water.    The  sand  enters  into  the  action 
but  slightly,  and  any  gravel  or  broken  stone  of 
small  size  may  be  mixed  in. 

The  "Beton-Coignet"  artificial  stone  is  sriU 
commonly  used  because  of  its  quick  setring 
property,  its  strength,  and  its  ease  of  man- 
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ufacture.    The  ingredients  in  the 
of 


proportions 


4  parts  lime, 

I  to  2  parts  hydraulic  cement, 
20  parts  sand 

are  very  thoroughly  mixed  by  hand.    In  this 
great  care  must  be  taken  to  insure  thorough 
mixing.    The  mass  is  then  again  mixed  in  a 
mixing  mill  of  any  kind  with  a  very,  very  little 
clean  water,  just  enough  to  moisten  the  sub- 
stances slightly.    Molds  can  then  be  rammed 
full  of  the  mixture  jusr  as  is  the  practice  with 
concrete.    The  finished  stone  occupies  slightly 
more  than  one  half  the  bulk  of  the  diy  mixture, 
and  weighs  practically  the  same  amount  as 
Portland  cement  conci^te-that  is,  140  pounds 
per  cubic  foot. 


CHAPTER   VI 


Paints  and  Painting 

The  coming  of  spring  should  be  a  signal  for 
painting    everything  that    needs    it,  whether 
house,   barn,   fence,    or    machinery.     Particu- 
larly should  machinery  be  looked  after,  and  em- 
phasis cannot  be  too  strongly  laid  on  this  point, 
for  few  things  are  so  neglected  as  machinery  on 
the  ordinary  farm.    Not  all  paints  are  of  equal 
value  for  these  different  jobs.    What  is  good 
for  iron  is  not  good  for  concrete,  and  the  paint 
which  IS  so  satisfactory  on  the  house  may  be  of 
httle  value  for  the  wagons.    A  paint  for  wood- 
work consists  of  some  dry  material  for  colour- 
ing,  a  lead  or  a  zinc  base,  a  drier,  and  a  vehicle  or 
liquid.     It  IS  the  vehicle  which  is  often  wrongly 
chosen,  and  in  some  ready-mixed  paints  the 
vehicle  IS  the  part  which  is  most  likely  to  be 
adulterated.     For  outdoor  work,  except  decora- 
tions, boiled  oil  '^  considered  to  be  the  best 
For  mdoor  work  linseed  oil  and  turpenrine  are 
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preferably  used.    A  little  drier,  litharge  for  dark 
CZ'^    -«"of 'ead  for  light  pa.L.  .hood 

vl,    u\T^  ''"'=''  of  P'intmi^ed. 

Undoubtedly  linseed  oil  paints  are  more  ex- 
pensive  than  others,  but  they  are  well  worth  the 
dUrerence  .n  p„ce.    This  oil  enables  the  pa  „ 

TZlt      K''^  '■"''  ""^  °P»-1-'  ^'•<' '" ve 
a  prote«,ng  sk.n  over  the  wood  surface.     If 

o.k    o,  fish  O.U,  the  paint  will  either  remain 

soft™  "  "'  ^"  '""'«"  ""-"y  only    o 

should  TC  '7  "**'' "  **"  ^'y'-    Particularly 

should  dark^loured  paints  be  looked  upon  with 

usp,c,o„  unless  purchased  from  a  thorou^  J 

usually  contam  only  unrefined  resin  oils  which 
»ften  up  within  two  weeks  of  the  first  dj'g 

One  of  the  best  paints  for  roofs  and  ma- 
^.nery  .s  a  mixture  of  red  lead  and  Unseed  oil. 
yWther  good  metal  paint  is  known  as  asphal- 
tum  v,-n,sh.  It  may  be  purchased  ready  for 
-«e.  and  when  appKed  leaves  a  splendid  wear- 
ng  shmy  black  surface  which  thoroughly  pro- 
tects  the  metal.  ^ 


MINTS  AND  PAINTING  ^j 

For  painting  job.  requiring  the  covering  of 
a   large  surface,   the   paint  may   usually  be 
•prayed  with  much  less  labour  than  if  theap- 
pl.cat.on  I,  made  with  a  brush.    Almost  any 
pa.nt  may  be  so  applied  if  it  i,  „,,,.  ,y,-^ 
enough.     Use  the  ordinary  spraying  apparati" 
which  IS   used   for  disinfecting  and   orchard 
spraymg.    It  may  be  readily  cleaned  and  will 
suffer  no  injury  by  such  use.     Probably  white- 
wash  ,s  more  often  applied  in  this  way  than  any 
other  p„„     Pa„i,„,„,y  f^^  ^^^^^  ^^^       ^ 

buddings  this  method  means  a  great  saving  in 
t.me.  Yet  ordmary  whitewarh  is  not  as  econ- 
omical as  cement  whitewash.      While  the  for- 
mer  requires  frequent  renewals,  the  cment  wash 
often   remains  satisfactory  following  several 
years' wear.    The  combination  is  best  mad"^ 
the  following  proportions:    Mix  together  one 
peck  of  white  hme,  a  peck  and  one  half  of  hy- 
draulic cement,  six  pounds  of  umber,  and  four  of 
ochre.    The  hme  is  first  slaked  and  mixed  with 
two  ounces  of  lampblack  moistened  with  vine- 
gar.   Then  add  the  other  ingredients.    Allow 
the  pamt  to  stand  for  three  hours  or  longer 
stirring  occasionally.    The  addition  of  half  i 
pound  of  Venetian  red  renders  the  appearance 
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paint.  If  ordinary  whitewash  is  used  at  all  the 
addition  of  a  httle  glue  or  a  small  amount  of 
Hour  m«ed  with  boiling  water  and  pouwd  in 

JtrZ:^!  """"  "■'  """"'"''  """»■"« 
For  finidied  interior  work,  varnishes  are  best 
to  use.    They  give  an  extremely  hard  surface, 
which  protects  the  wood  beneath,  and  they  are 
easy  to  clean  thoroughly.     It  is  not  advisable 
for  any  one  but  an  expert  to  attempt  to  mix 
them  at  home,  for  many  good  ones  are  on  the 
market,  a,  well  a,  many  worthless  mixtures 
called  varnishes.    True  varnish  is  a  solution  of 
r«,ns  or  gums  in  some  suitable  liquid  such  a. 
alcohol  or  oil  of  turpentine  mixed  with  linseed 
oil.    Those  m  which  alcohol  acts  as  the  «,lvent 
are  spirit  varnishes  and  are  inferior  in  many 
ways  to  the  oil  varnishes,  chiefly  because  the 
alcohol  evaporates  entirely,  leaving  the  vamish 
so  hard  as  to  easily  crack  and  chip.    The  oil 
varnishes,  on  the  other  hand,  should  never  get 


CHAPTER  VII 

LioHTNiNo  Rods  and  Roddino 

Evaporation  which  takes  place  at  ai/  point, 
of  the  earth  s  surface  is  believed  to  cause  elec- 
tnHcation  of  the  particles  of  moisture  in  the 
atmosphere.    As  these  particles  unite  to  form 
clouds,  the  clouds  become  charged  with  elec 
tnmy.    The   potential   of  each   cloud   rises 
higher  and  higher  and  the  earth  beneath  be- 
wmes  charged  by  influence,  or,  a,  scientist, 
.ay,  by  .nduction.    This  induced  charge  on  the 
earth  .s  of  opposite  s.gn  from  the  charge  on  the 
cloud.     Presently  the  difference  in  potential 
between  the  cloud  and  the  earth  becomes  so 
great  that  the  air  between  them  breaks  down 
and  a  passage  of  electricity  takes  place.    This 
«  the  hghtnmg  spark.    This  spark  discharges 
only  the  electncity  accumulated  on  the  under 
surface  of  the  cloud,  and  when  that  discharge 
takes  place  the  cloud  must  adjust  itself  again, 
and  It  does  so  by  discharges  between  the  pan, 
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of  the  cloud  SO  that  there  is  much  internal 
action,  which  accounts  for  the  apparent  boiling 
of  the  upper  part  of  the  cloud.  When  the  cloud 
IS  readjusted,  further  sparking  can  take  place 
from  the  same  under  surface,  which  explains  why 
many  lightning  discharges  take  place  during  the 
same  storm. 

Sometimes  the  cloud,  in  place  of  discharging 
to  the  earth,  discharges  to  another  cloud.  If 
that  other  cloud  is  of  small  capacity  it  may 
overflow  and  discharge  to  the  earth.  These 
charges  are  often  disastrous  for  reasons  given 
later. 

Now,  if  there  were  a  conductor,  such  as  a 
metal  rod,  extending  from  the  cloud  to  the  earth, 
the  charges  would  be  equallized,  without  a  light- 
mng  spark,  by  a  passage  of  the  electricity  over 
the  rod.    As  there  is  no  such  conductor,  the 
spark  chooses  the  easiest  path  to  follow— the 
line  of  least  resistance.    That  accounts  for  its 
jagged  appearance,  as  the  easiest  path  may  not 
always  be  the  straightest  path.    Dust  particles, 
a  current  of  moist  air,  a  current  of  hot  air,  or  a 
draft  is  very  likely  to  be  followed,  as  such  are 
better  conductors  than  cold,  clean  dry  air. 
The  protection  of  bams  or  other  buildings 
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FiK.  8.-SI,uw.nK  the  discharge  between  cl«ud«  and 
the  civcrHc.w  to  earth 
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from  lightning  involves,  then,  providing  an  easy 
path  for  the  lightning  to  follow  to  the  ground, 
for  It  must  reach  the  ground  and  will  choose  its 
own  way,  however  disastrous,  unless  we  choose 
for  it. 

When  the  earth  is  charged  beneath  a  charged 
cloud,  the  buildings  are  charged,  too,  and  being 
nearer  to  the  cloud  are  apt  to  be  struck  unless 
the  charge  is  dissipated.     It   has  been  found 
that  if  an  electrically  charged  body  be  connected 
to  a  metal  point,  the  charge  rapidly  leaks  off  the 
point.    This,  then,  is  the  second  function  of  a 
lightning   rod— to   dissipate   the   accumulated 
charge  on  a  building,  and  thus  prevent  it  from 
being  struck.    This  cannot  be  done,  however, 
m  the  case  of  overflow  charges  as  described 
above,  because  the  overflow  takes  place  so  sud- 
denly.   Hence,  those  strokes  are  particulariy 
dangerous. 

From  the  standpoint  of  lightning  protection, 
then,  if  the  bam  doors  and  windows  are  left 
open,  there  is  a  great  draft  which  may  offer  a 
path  to  the  lightning  discharge,  and  there  ran 
be  no  adequate  protection  from  lightning  at 
the  doors  and  windows  if  they  are  open.  There 
is,  too,  considerable  heated  air  and  some  dust 
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passing  out  which  offer  an  easy  path  for  the 
hghtning,  and  a  lightning  charge  passing  in- 
side the  bam  is  sure  to  set  the  hay  on  fire.  On 
the  other  hand,  if  the  doors  and  windows  are 
shut  and  ventilation  provided  at  the  top  for  the 
steam  to  escape,  there  may  be  two  crossed 
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Fig.  9-Lightning  protecrion  for  the  roof  yentflttor.    The 
wire  should  make  no  sharp  bends 

arches  of  metal  over  the  opening  with  a  sharp 
metal  point  at  their  joint  and  connected  by  a 
direct  line  to  ground,  thus  affording  reasonably 
good  lightning  protection  should  the  warm  air  act 
as  a  conductor  for  the  lightning  stroke.    More- 
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over,  the  upward  flow  of  moist,  warm  air  over 
the  pomt  would  help  greatly  to  cause  any  charge 
accumulated  m  the  bam  to  leak  ofl^  the  point,  if 
the  whole  system  of  protection  was  connected 
to  the  pomt.  Then,  if  the  bam  is  well  rodded, 
and  the  ventilating  opening  properly  protected, 
there  is  not  so  much  danger  that  the  hay  will  be 
set  on  fire  even  if  lightning  strikes  the  bam,  as  it 

Absolute   security   from    lightning    can    be 
obtained  only  by  a  large  outlay  of  money.     If 
the  building  to  be  protected  is  well  insured,  and 
a  fire  would  mean  merely  the  loss  of  the  building 
but  no  loss  of  life,  it  is  not  a  business  prop- 
osition to  expend  much  money  for  additional 
protection  m  the  form  of  lightning  rods.     On 
the  other  hand,  if  the  building  is  not  heavily 
insured  or  if  a  fire  would  be  disastrous,  it  is  a 
paying  investment  to  rod  the  building  well 

The  only  way  to  completely  protect  a  build- 
ing IS  to  enclose  it  wholly  in  metal  and  care- 
fully connect  the  metal  to  the  ground.  This  is 
usually  too  expensive,  so  that  as  a  compromise  a 
building  IS  enclosed  in  a  network  of  wire  and  the 
latter  well  grounded.  This  is  the  plan  used  on  the 
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W.iteHou«  and  on  the  Washington  Monument, 
he  only  m,portant  government  building,  rodd^' 

«vety  and  ha.  been  recommended  many  time, 
by  leadmg  expert,  and  engineers. 

atio^s  "  ^  """"l  fr  f""<'»'ental  considetw 
ations.    The  metal  of  the  rod,  the  joints  between 

hepa,t,.thenatu«ofthegroundconnectior^ 
fastenmgof  the  «x)  to  the  building,  and  the  ^^n! 
«ruct,on  of  the  discharge  points  aU  require  c«" 
ful  thought  and  worlcmanship 

tist,  d«er  m  theory,  although  all  anee  on 
practical  details.  Uere  is  no  question  irthat 
COPP"  «  a  better  conductor  of  electricity  o" 
Ananly  than  .ton  or  any  other  common  meta^. 
Yet  a  dischaote  of  lightning  differ  from  the 
ordmanr  passage  of  electricity  in  so  many  r^ 
spects  that  the  metal  which  i,  best  in  ordfnaX 

aTthTLTr^'''?"';''*'"""'^'^-    A^Ion^ 
as  the  metal  .s  m  first  class  condition,  the  joint, 

from  the  weather  so  that  it  won't  oxidize  or  rust 
any  metal  will  give  satisfactoty  service.    Ue 
ch^f  advantage  of  copper  i,  that  it  will  ,ta„d 
the  weather  better  than  iron,  but  the  latter 
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When  galvanized  and  painted  wiU  Ian  a  Ion. 
time  and  is  cheap.  * 

.JL^'T  "  '^'  '•"  """''«'  <"  braided 
caWe  „  cheaper  lighter,  and  better  than  the 

interior  of  lightning  conductors  is  not  used  in 
the  passage  of  electricity  but  is  worthless  except 
to  give  mechanical  strength. 
Whatever  metal  is  chosen,  it  must  be  kept  in 

value.  Abroad  nranyofthegovemments  use  two 
«rand,  galvanized,  barbed  iron  wire entirely,even 
for  imponant  work.    The  barbs  are  kept  sharp 
and  the  wire  kept  free  from  rust.    With  the^ 
precautions  such  a  system  will  give  satisfaction. 
The  chief  use  of  a  lightning  rod  is  to  pre- 
vent  ,  ,„„k    of  lightning  taking  place  rather 
than  in  conducting  a  discharge  to  earth,  al- 
though the  latter  must  be  provided  for.    The 
barbed  wire  is  particularly  desirable  because  of 
Its  multiplicity  of  sharp  points,  whereby  what  is 
known  as  the  "silent  discharge"  can  take  place 
from  a  building.    This  prevents  the  gradual 
accumulation  of  an  electrical  charge,  fnd  no 
Iwhtmng  stroke  can  take  place.    At  suitable 
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mtervab  on  large  buildings  larger  sharp  points, 
«ay  SIX  to  eight  inches,  should  be  placed  in  a 
vertical  position  and  well  soldered  to  the  main 
rodding.    The  large  points  should  in  every  case 
be  as  nearly  vertical  as  it  is  possible  to  get  them. 
For  a  ground  connection,  it  is  not  sufficient 
to  stick  the  end  of  the  rod  in  the  ground.    Such 
carelessness  might  prove  disastrous.  The  ground 
IS  the  vital  part  of  the  whole  rodding  system, 
and  too  much  care  cannot  be  given  to  it.    The 
grounding  device  ihould  be  buried  at  least  ten 
feet  deep  in  moist  earth,  and  should  be  per- 
fectly connected  to  the  main  rod  by  welding  or 
soldering.     It  should  be  t  loroughly  protected 
from  rust  or  other  deteriora  ion,  and  care  should 
be  taken  that  the  earth  is  closely  packed  around 
the  rod  where  it  enters  the  ground.    The  best 
grounding  arrangement  is  a  large  piece  of  metal 
or  a  very  large  bundle  of  wire,  particularly 
barbed  wire. 

To  show  just  how  the  rules  laid  down  above 
should  be  applied,  we  may  take  the  case  of  a 
bam  for  example.  Assume  that  an  inexpensive 
system  is  desired,  and  so  barbed  wire  is  to  be 
used.  First,  lay  a  double  strand  along  the 
ridge  pole  from  the  back  peak  to  the  forward 
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peak,  then  down  the  sloping  edge  of  the  roof  to 
the  eaves,  along  the  eaves,  up  the  sloping  edge 
at  the  back  end  to  the  peak,  down  on  the  other 
side  and  along  the  opposite  eaves,  up  the  remain- 


Fig.  io.-The  method  of  btnding  barbed  wire  to  rorm  an  en- 
closing network  for  lightning  protection 

ing  sloping  edge  to  the  front  peak  where  we 
started  from.  Here  we  may  cut  the  wire,  leav- 
ing a  length  of  four  or  five  inches,  which  should 
be  tightly  boned  to  the  first  wire  with  copper 
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Tjll  V'"^  ^™"*  •'"'""  ^  ^<~*'«'  '"■«•'  •Older. 
At  the  back  eaves  sufficient  wire  must  be  left  to 
reach  dom,  ,o  the  grounding  device.  Where 
this  ground  wire  crosses  the  other  the  two  should 
be  bound  together  and  soldered. 

About  every  eight  feet  along  the  ridge  a  cross 
wire  ..placed,  extending  down  to  the  eaves  wire 
on  each  side,  the  joints  all  being  bound  and 

wre  should  extend  along  the  outer  ridges,  being 
carefully  eonnecte4  to  every  cross  ^re.    All 
the  wires  must  be  fastened  directly  to  the  wood 
by  means  of  double  pointed  staples.    Under  no 
circumstances  should  insulators  be  used,  as  thev 
render  the  whole  system  useless.    Moreover,  all 
metal  on  or  near  the  bam  must  be  connected  to 
the  lightning  rod.     Any  wire  fences  nearby  must 
be  connected  to  the  ground  wires.    It  is  well, 
abo,  to  thoroughly  connect  all  wire  fences  on 
the  farm  to  the  ground  at  intervals  of  fifty  feet 

in  I  '°/'^"^  ""^^  '"''"'""8  "«"  ^he  fence' 
ma  thunderstorm  will  not  be  in  danger 

from  all  of  the  lower  eaves  comers  and  from  the 
back  peak  directly  to  the  ground  in  as  straight 
a  line  as  possible.    They  should  hug  the  wood- 
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work  closely,  but  not  follow  all  of  the  bends  and 
come«.  If  the  door  is  on  the  long  side,  a 
ground  wire  should  extend  also  from  the  front 
peak.  Each  ground  wire  must  be  bound  to  the 
top  network  and  soldered  or  welded 

For  each  grounding  device,  coil  up  a  hundred 
fee^  of  the  barbed  wire  in  a  ball  and  buiy  it  ten 
tcet  deep.  This  can  be  a  continuation  of  the 
ground  wire.  In  covering  the  ball  add  water  to 
the  dirt  as  it  is  thrown  back  in  the  hole,  and  it 
can  be  stamped  down  much  tighter  around  the 
grounding  device  than  if  dry  earth  is  used. 

At  both  peaks  and  about  every  twenty-five 
feet  along  the  ridge  erect  sharp  points  six  or 
eight  inches  long.     Preferably  they  are  made  of 
heavy  copper  wire  filed  to  a  point  at  one  end. 
1  he  bottom  end  may  be  bent  for  binding  and 
soldering  to  the  wire  on  the  ridge  pole.    Similar 
points  should  be  placed  along  all  the  ridges  on  a 
gable  roof. 

If  the  work  is  properly  and  carefully  done, 
the  result  will  be  a  wire  cage  solidly  joined 
throughout  and  completely  covering  the  bam 
The  wire  will  have  a  multitude  of  sharp  points' 
and  will  be  thoroughly  connected  to  the  ground 
in  several  places.    In  the  case  of  a  very  long 
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bam  the«  .houU  b.  extra  pound  w,„.  hom 
the  eave,  d<,wn  at  the  middle  point,  of  the  long 

"d«.    The  whole,  except  the  copper  point.,  may 
be  well  pamted  frequently. 
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CHAPTER  VIII 

The  Sources  of  a  Pure  Water  Supply 

To  HAVE  a  real  knowledge  of  the  conditions 
iikely  to  afFect  water  purity  the  farmer  must 
know  the  essential  features  of  good  wells  and 
spnngs  and  how  to  protect  them  from  contam- 
ination.  It  ,s  with  the  hope  of  acquainting  him 
mth  these  problems  and  their  solution  that  this 
chapter  is  written. 

The  distance  to  the  water  table  or  water 
level  determines  how  deep  a  well  must  be  dug 
into  the  soil,  for  to  be  successful  it  must  go  be- 
low the  level  of  the  water  table.    Then  the 
water  will  find  it  easier  to  flow  into  the  well 
from  me  soil  immediately  around  the  opening 
than  to  continue  to  seep  on  to  the  impervious 
layer.    This  causes  a  lowering  of  the  water 
level  around  the  well,  or  a  cone  of  depression  as 
It  is  called.    The  water  sriU  farther  out  flows 
sideways  into  the  depression  and  on  into  the 
well    Fmally,  the  level  of  the  water  in  the  well 
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is  the  same  as  that  in  the  surrounding  water 
table     If,  now,  some  of  the  water  is  pumped 

rfl^rr"*;"  '*^^' '"--  '""waters 
•n  from  the  soil  around  it.  Obviously,  then, 
the  deeper  the  well  is  below  the  water  table  the 
greater  its  capacity  will  be  and  the  faster  it  will 
fiU  up  as  water  ,s  pumped  away,  because  the  head 
of  water  causing  the  flow  into  the  well  is  the 

the  ?r>  t  K  "'""  °'  *^  "^"  -""  «  below 
the  level  of  the  water  table. 

Rain  water  as  it  falls  from  the  clouds  is  as 
pure  as  can  be  after  the  first  fall  has  washed 
the  .mpunt-es  out  of  the  air.  When  it  strikes 
the  ground  ,t  becomes  contaminated  with  the 
vanous  .mpunties  on  the  surface.  As  it  sinks 
through  the  s<«l,  however,  these  impurities  are 
taken  out  of  the  water  partly  by  the  bacteria 

partly  by  filtration  or  straining,  and  partly  by 
he  chemical  action  of  substances  in  the  soil 
In  order  that  the  purification  shall  take  place 
the  water  must  sink  through  a  considerable' 
amount  of  soil,  at  least  fifteen  to  twenty  fee 
A  dug  well  should  be  so  constructed  that  onfy 
water  which  has  been  so  purified  can  enter  it 
Ihis  means  not  only  that  the  well  curb  must 
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k,,  ^  •  watertight  manner.  a« 

by  concreting  or  with  stone  or  brick  set  fn 
mortar  to  a  depth  of  from  fifteen  to\:;n: 

pried  Iht^^  "''""•  u™'  ""'"6  ^''O""  b^ 
pressed  tightly  against  the  earth  so  that  water 

cannot  under  any  circumstances  get  Lrtt 


Ip'th"1rth'  t  "'""'  ^''™"«''  "-^  -'  'o  the 
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of  outbuildings,  manure  piles,  pig  stys,  cattle 
runs,  etc.,  should  be  as  far  away  from  the  well 
as  possible,  and  greatly  below  the  well  if  possible. 
It  IS  much  more  important  to  consider  the  matter 
from  the  standpoint  of  health  than  from  that  of 
personal   convenience.    The   direction   of  the 
flow  of  the  underground  water  to  the  well  can- 
not be  altogether  determined  by  the  contour 
of  the  surface  of  the  land.    Moreover,  long- 
contmued  pumping  at  the  well  may  drain  the 
water  into  the  well  from  a  greater  distance 
than  would  otherwise  be  the  case.     Hence,  no 
precaution  should  be  more  carefully  observed 
than   that  of  getting  the  sources  of  possible 
contammation  as  far  away  as  can  be.     The  fact 
that  the  well  is  above  the  privy  does  not  mean 
that  the  dramage  from  the  latter  cannot  reach 
the  well.     It  is  distance  that  counts,  because 
that  can  be  depended  upon  while  a  point  ap- 
parently below  the  well  may,  when  underground 
flow  IS  considered,  be  above  and  draining  di- 
rectly into  the  well. 

It  is  apparent  that  a  dug  well  is  not  always 
dependable  unless  certain  precautions  are  taken. 
On  the  other  hand,  deep  wells  are  quite  likely 
to  yield  water  of  perfect  purity,  as  far  as  harm- 
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ful  ingredients  go.    The  reason  for  this  is  that  a 

deep  well,  such   as  drilled  or  driven  well  of 

several  hundred  feet,  reaches  a  water^ontain- 

ng  layer  which  lies  between  two  nonporous 

layers  of  soil.    Somewhere,  probably  miles  and 

mi^s  away,  the  water  has  entered  this  channel 

and  has  filtered  through  the  soil  for  that  great 

distance,  losing  all  of  its  bad  contents. 

An  artesian  well  is  of  the  same  nature,  but  in 
this  case  the  well  opening  is  made  at  a  point  so 
far  below  the  point  of  entry  of  the  water  in  this 
channel  that  the  head  of  water  is  sufficient  to 
force  water  to  the  surface.     In  almost  all  deep 
wells  the  water  rises  in  the  pipe  above  the  layer 
in  which  It  flows.     The  main  precaution  to  take 
with  deep  wells  is  to  be  sure  the  well  casing  is 
watertight  so  that  no  subsoil  or  surface  water 
can  by  any  means  get  into  the  well. 

Springs,  as  a  rule,  furnish  pure  water  unless 
the  immediate  vicinity  gives  cause  for  contami- 
nation The  reason  is,  as  stated  previously, 
that  the  water  has  flowed  for  some  distance 
through  the  soil.  The  exception  is  a  spring  in  a 
rocky  district  where  the  water  has  not  sunk 
through  any  great  amount  of  soil,  but  has  merely 
percolated  through  and  over  the  rocks,  finally 
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coming  to  light  at  a  convenient  point.     Such 
spring  water  should  be  used  with  care  and  only 
after  stnct  examination  of  the  surroundings 
of  the  stream  course.     If  a  spring  is  used  as  a 
water  supply  source,  surface  drainage  in  the 
vicinity  should  be  made  good  to  prevent  any 
surface  waters   from   manured    land    reaching 
the  water  course.    The  best  treatment  is  to 
house  the  spring  in.  leading  a  trough  from  the 
spnng  to  a  sunken  storage-basin  which  is  water- 
tight  and  tightly  covered.    Then,  from  a  few 
mches  above  the  bottom  of  this  cistern,  lead  the 
supply  pipe  to  the  house  or  barn. 

Rain  water  is,  as  mentioned  above,  a  pure 
form  of  water  except  in  so  far  as  it  is  contami- 
nated by  the  atmosphere.     Because  of  this,  in 
some  distncts  it  is  quite  generally  gathered  and 
stored  in  cisterns  for  household  use.     If  prop- 
erly handled,  there  is  slight  danger  of  harmful 
impunties   entering  the   cistern,   yet,   on   the 
whole.  It  IS  not  so  desirable  as  ground  water, 
particularly  at  times  of  the  year  when  dust, 
dirt,  dead  insects,  and  excrement  collect  plenti- 
fully on   the   roof.    The   only  impurities   are 
those  brought  by  the  water  itself  if  the  cistern 
is  made  watertight  with  a  close-fitting  cover 
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Arrangement  should  be  made  so  that  the  (ir« 
few  mmutes- fall  of  rain  which  has  washed  the 
atmosphere  and  washed  the  roof  flT  V  u 

tewater  is  collected  shall  be^r'tet^wtt:*" 
and  o„^  the  con  paratively  pure  water  Ta^  ng 

:i^rciri\\:!,7trr:r^' 

emmh  «f  L  •  .^^^  '^  '°  promote  the 
growth  of  bactena  m  the  water  rather  than 
retard  .t  as  is  done  with  a  cool  stora«  Th^ 
use  of  a  sand  filter,  such  as  is  described 'in  I 
ot^er  article,  is  to  be  highly  recommefd/d  wh ^e" 
cistern  water  .s  used  for  household  purposed 

terested"'  °"'^  ""^  '"•""  "'«'  '''ou>d  be  i„. 
terested  m  pure  water  supplies  for  the  farm 

IS  no  class  of  workers  in  tU;.  ^ 

ious  to  better  -4 ^dit  "Srrar 

and  economically  than  the  .armers  of  t^a^!  '^' 
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CHAPTER   IX 
RuNNmc  Water  for  F,„ebn  Dollar, 

the  great  blessing  of  running  water  in  the 
k.tchen     Often  this  lack  is  due  to  a  b  li  f  tha 

the-nstallationofsuchasupplywouldnetitae 
the  outlay  of  a  large  sum  of  money.  Nothing 
■s  more  untrue.     A  really  good  Ld  eS 

any  farm  where  there  is  a  water  supply,  if  the 
farmer  ,s  wiling  to  do  the  work  himself. 

thaVth       '"r  '"  "■'  ''"'■■"8  «  '"■«  be  seen 
that  the  supply  ,s  assumed  to  be  from  a  well  or 
cistern  near  the  hoii«     i  _•     i     .  '     . 
th,-ll,        ,,    "Of'-    A  pipe  leads  m  through 

th'      K    r'i'  """^  ''''°*  "■*  <■«>«  "ne.  then  up 

ta  k  p„:t''r  "T  "'"'  '  »'"^"  <='-">  " 
tank  pump  .s  located.     From  this  force  pump 

the  pipe  Ime  leads  through  a  check  valve  up  by 

the  smk  to  an  elevated  tank  which  may  be  on 
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the  second  floor,  in  the  attic,  or  even  on  bracket. 

ut  above  the  tank.    A  barrel  makes  a  very 

sat.sfactorytank.or,  where  mo.  v-ater  is  needed 


Fig.  13.— A  simple  runninc 
water  system  of  low  coit 


several  barrels  standing  side  by  side  and  con- 
^cted  at  the  bottom  with  short  lengths  of  pipe. 

used  SIX  barrels  elevated  only  about  six  inches 


4i 


Ill 


70  PARM   ENGINEERING 

above  the  .ink  and  placed  on  a  shelf  in  the 
pant^  the  supply  pip.  to  the  .sink  faucet  going 


Fig.  14.— -A  simple  pneumatic  equipment 

The  pump   recommended   is   the  common, 
low-down,  smgle  or  double  acting  force  pump! 
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It  Will  cost  from  $6  to  t8.    The  check  valve 
just  beyond  the  pump  will  cost  about  6?  cents 
it  .s  a  particularly  valuable  accessory,  for  it 

tank  but  will  not  permit  it  to  flow  out  in 
any  way  except  through  the  sink  faucet.    The 
result  .s  that  the  pressure  of  the  water  in  the 
tank  ,s  not  contmually  on  the  pump  piston 
If  desired,  a  second  pipe  to  another  sink  or  to  a 
handy  faucet  over  the  stove  may  be  led  olT  from 
any  pomt  between  the  check  valve  and  the  tank 
A  good  tank  is  formed  by  securing  a  barrel 
thotu'  M  "  f"'.""  '■"•  ''""'"«<"" 'heoil,  aid 

edge  of  the  barrel  to  some  point  easily  seen. 
1  hen  hang  a  weight  on  the  end  of  this  string 
and  tack  up  a  paper  or  board  marked  as  an  in- 

can  tel,  how  near  empty  the  barrels  are  and 
whether  or  not  a  new  supply  should  be  pumped. 
One-mch  pipe  is  large  enough  for  all  uses  and 
one-half-mch  pipe  will  give  satisfaction  for  the 
stretch  between  the  pump  and  the  tank.  It  is 
best  to  use  galvanized  iron  pipe,  although  black 
pipe  IS  cheaper  and  does  well  if  kept  painted 
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If  a  little  more  money  may  be  invested  this 
system  may  be  readily  enlarged  to  give  running 
hot  water,  as  shown  in  the  next  figure.    A  pipe 


7»  mmt 


Fig.    IS.— Illustrating   the   simplicity  of  the  k«- 
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is  led  from  the  cold-water  pipe  to  the  bottom  of 
a  thirty-gallon  galvanized  iron   tank    costing 
about   j5s.     From   the  top  of  this  tank   the 
hot-water   pipe   goes    to   the   sink.      In    the 
stove  IS  placed  a  coil  of  pipe,  called  a  waterfront, 
and  costmg  about  ^3.50.     It  is  piped  to  the 
tank,  one  end  gomg  to  the  bottom  and  the  other 
connectmg  about  eighteen  inches  above.     The 
tank  will  be  drilled  for  connections,  and  the 
connections  furnished  for  the  price  given  above. 
Ihe  water  m  the  waterfront  becomes  heated, 
rises  through  the  coil,  passes  into  the  boiler,  and 
nses  to  the  top  where  it  may  be  led  off  through 
the  hot-water  pipe.      Meanwhile,  cold  water 
trom  the  supply  has  passed  down  through  the 
lower  connection  into  the  waterfront.     This  cir- 
culation continues  over  and  over  so  that  finally 
the  tankful  of  water  becomes  hot. 

It  is  readily  seen  that  branch  pipes  may  be 
led  from  these  hot  and  cold  water  pipes  to  any 
part  of  the  house  below  the  storage  tank  If 
the  tank  is  in  the  attic,  it  is  possible  to  have  a 
bathroom  on  the  second  floor  and  have  set  tubs 
in  the  cellar  for  washing  at  only  the  extra  cost 
of  the  tubs  themselves  and  enough  pipe  to  lead 
the  water  to  them.     Little  by  little,  in  this  way. 
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"arting  f„m  the  simple  system  shown  in  the 

e«e  a„T  ""''  ""•  "'''''"8  «'*atly  to  the 

w^U    ."X^adylo  r  ^n  '"^'  " 
house.  "'^  ""^^"^  ^^  t'^e 


CHAPTER   X 

A  Sand  Filter  for  Rain  or  Brook 
Water 

The  use  of  screens,  whether  of  wire  or  cloth 
for  straining  the  water  supply  obtained  from 
brooks,  springs,  and  falling  rain  or  snow  is  ex- 
tremely unsatisfactory  because  of  the  ease  and 
frequency  with  which  they  become  clogged. 
Moreover,  silt  and  fine  particles  are  not  removed 
fmmthewater.    The  sand  filter  not  only  strains 
out  the  finest  particles  of  suspended  matter  but 
also  It  has  been  found  by  careful  investigations 

logically  To  a  certain  extent  the  filter  allow, 
thorough  intact  of  the  water  particles  with  the 
air  as  the  former  trickle  over  the  surface  of  the 
sand  grams. 

Usually  the  water  is  led  to  the  top  of  the  filter 
and  allowed  to  seep  down  through  the  layers  of 
sand  and  gravel  to  the  lower  part  of  the  con- 
tamer,  from  which  a  pipe  leads  to  a  storage 
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....>  1  "^ "'"  "^"f  's  the  source  of 

upply,  .t  ,s  usual  when  no  filter  is  used  to Xw 

hefirstfew^inutes-falitoruntowasteroS 
that  the  impurities  washed  from  the  afm™ 

Phere  and  from  the  collecting  rooTar     m  'y  n" 
enter  the  storage  basin.    If  a  sand  filter  Reused 
h.s  need  not  be  done,  although  it  is  verj  a  tt 
able  for  there  is  no  advantage  in  having  the 
fiker  do  more  service  than  is  necessary     An 
automatic  device  may  be  used  with  safety  how 
ever,  to  divert  the  Arst  fall  ^' 

dia^J^m'^rf '•'■•'""  "'  "'"'  '»  »••'-"  -■"  the 
bZlldl  "  "  ""'""«  ■'"^el.  a  filter 
barre  ,  and  a  storage  receptacle.  The  receiving 
barre  ,s  m  such  a  position  as  to  receive  the  w«er 
directly  from  the  ^of  and  pass  it  out  throX 
smaller  pipe  to  the  ..p  of  the  filter  barrel  h 
this  way  no  more  water  is  fed  to  the  filter  than 

IS  used,  the  receivmg  reservoir  can  be  omitted 
the  filtT  "'  k'™"  *''^  '''°°^  '»  'he  fiCr  :' 
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always  slightly  above  the  top  of  the  container. 
In  this  way  water  is  being  freshly  supplied  to 
the  filter  at  all  times.    A  pipe  from  the  bottom 


Fig.  16.— A  satigfactory 
•and  filter 


.imut 


Of  the  filter  leads  to  the  main  storage  basin. 
As  many  receivmg  barrels  as  desired  may  be 
jomed  together,  and  more  than  one  filter  barrel 
may  be  used  ,f  it  is  desired  to  filter  the  water  fast 
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ini*!*""  ""T"  °'"  *''*  *'"'  ''"«l  put  a  four- 

nch  layer  of  coarse  gravel  and  on  top  of  that  a 

ayer  of  lump  charcoal.    FolW  this  wW,  th«e 

ayers  of  sand  each  ten  inches  thick    the  £ 

layer  coarse  the  next  finer,  and  the  top  Iay« 

quite  fine.    Level  each  layer  off  well'b  fo" 

putt  ng  ,„  the  next.    Both  sand  and  gravel 

It  may  be  necessary  to  wash  them  before  using 

be  arranged  so  as  not  to  disturb  the  laver 
About  three  times  a  year  (not  oftene  )  the  too 
four  or  five  inches  of  sand  should  be  s^laped^ 

««sh  sand.  Even  this  top  layer  must  not  be  of 
the  extremdy  fine  sand  sometimes  found  al- 
though It «  desirable  to  grade  the  layers. 


CHAPTER  XI 

Softening  Hard  Water 

The  carbonates  and  sulphates  of  lim.  ,„j 
magnes.a  when  present  in  water  pJZ  thf 
effect  known  as  hardness.    This  ter™  /n  . 

obtMned  by  usmg  the  water  with  soap.    It  i, 
is  h^rA  «'      \  Obtained  m  the  country 

;-;.aist„cts:"'r'"hS;.?i„t'::rf 

well  water  ,s  usually  due  to  the  limy  or  cha  Iv 
character  of  the  soil  through  which  the  water 

tent  of  soil.    The  hardness  is  noticed  because  the 

and  form  a  sort  of  curds  instead  of  a  real  lather 
If  more  and  more  soap  is  used  the  who  o  th" 
troublesome  material  is  used  up  and  then  a  true 
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lather  may  be  formed  without  difficulty.  That 
is,  one  way  of  softening  the  water  consists  in  the 
plentiful  use  of  soap. 

If  the  hardness  is  caused  altogether  by  car- 
bonates spoken  of  above,  it  may  usually  be 
entirely  removed  by  boiling  for  a  short  time. 
In  this  case  the  acid  is  driven  off  with  the  steam 
and  a  precipitate  is  left  in  the  water  which  may 
be  filtered  off  by  pouring  the  water  through  a 
fine  cloth  or  very  fine  screen.    If,  however,  the 
hardness  is  caused  by  the  sulphates,  it  is  what 
IS  known  as  "permanent"  hardness  and  cannot 
be  removed  by  mere  boiling  as  "temporary" 
hardness  can.    The  most  common  and  effective 
way  of  removing  permanent  hardness  is  by  the 
addition  of  carbonate  of  soda,  usually  called 
washing  soda.    This  causes  the  formation  of  car- 
bonates instead  of"  sulphates,  and  the  carbonates 
may  then  be  removed  by  boiling  and  filtering. 
Frequently  borax  or  ammonia  is  used  in  place 
of  washing  soda. 

There  is  another  rather  interesting  way  of 
removing  the  temporary  hardness.  It  is  by 
the  addition  of  lime  water  (which  is  quicklime 
dissolved  in  water)  or  by  the  addition  of  a  little 
lime.    That  is  the  queer  thing.    By  adding  a 


•OFTBNIMO  HAKD  WATER  g, 

little  Ume  ,0  the  water  you  get  rid  of  the  Kme 

water  u  held  there  becauM  of  the  exc«.  nf 
carbomc  acid.      When  more  li™    "added 

that  all  of  the  hme  «  then  precipitated  and  may 

throXcir""'''^''^'''"'-'^'^-- 
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CHAPTER  XII 

The  Hydraulic  Ram  and  thb 
Ram-pump 

To  THE  average  person  the  hydraulic  ram  is  a 
mysterious  thing.  Working  day  and  night  for 
years  without  attention  and  without  rest,  it  is 
the  farmer's  most  dependable  friend  for  pump- 
ing water.  The  efficiency  of  the  ram  when  used 
for  lifting  water  only  four  or  five  times  as  high 
as  the  fall  is  as  great  as  that  of  the  best  pumps, 
and  is  much  better  than  that  of  most  pumping 
apparatus.  For  other  ranges  where  the  lift  is 
from  a  small  value  up  to  twenty-five  times  the 
fall,  the  following  table  gives  the  efficiency  of  a 


ram: 


Lift  divided  by  fall 
Per  cent,  efficiency 

Lift  divided  by  fall 
Per  cent,  efficiency 


TABLE  A 


•      *  3  4         S 

.     90%    8s%    80%    75% 
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IS        20        25 
57%    42%    30%    23% 
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seldom  used  HherefhJrr  .    '^'"*  "^ 

ram  will  be  lifted  to  a  heiX  ten  Jm '!  "  "" 
"  tXe  fan.  Exact  calcuirXmrf" 
any  ram  by  using  the  formula: 


«t  O  "'^  ""  """'">'  °f  "«"  ""ed,  in 
gallons,  Q  ,s  the  quantity  supplied  to  th.  , 

m  gallons;  h  i,  the  lift  from  ramt  st  "rage  ."■"• 
Jn£a"r''':'"2"»-PP'y<'~ra. 

from  t/m    4 "k*"  '*""^y  "^ "■*  "■»  taken 

rTr^    •//'""'*'  '"'"'•«  h  divided  by  H  is 
the  hft  divided  by  fall.  "  oy  n  is 

For  example,  there'is  a  fall  of  ten  feet  and 
wrer"lm"'''''':i''''^"'^-«-«"'""' 

aTrf^rr  abo^-r^rtor- '\' 

From  Table  A,  the  ratio  of  forty  feet  lift  to  ten 
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feet  fall  will  permit  an  efficiency  of  80  per 
cent.  Then,  using  the  figures  given  and  substi- 
tuting them  in  the  formula  : 

»SX  10 

^^  X  80  %=  5  gallons  per  minute. 

40 

It  is  apparent  that  if  twenty-five  gallons  of 
waterare  delivered  to  the  ram  and  only  five  gal- 
lons reach  the  tank,  there  must  be  a  great  waste 
of  water  The  water  is  wasted  but  the  energy 
of  Its  fall  .s  utilized  in  lifting  the  remaining 
quantity  to  the  greater  height. 


W7^\ 


TABLE  B 

SUPPIV  REQUIRED  TO  DELIVER  ONE  GALLON  PER  MINUTE 

3      4       5 


Ratio  of  lift  to  fall    .     .  2 

Gallons  per  minute  re- 
quired  to  operate  ram.       2.22      3.47      5.00      6.67 


IS        ao 


*S 


Ratio  of  lift  to  fall   .     .  ,0 

Gallons  per  minute  re- 
quired  to  operate  ram.     17.54    3591    66.67    108.70 

A  diagrammatic  form  of  ram  is  shown  in  the 
drawing.    There  are  five  main  parts,  the  drive 


^~":m^ 


5^^^; 


x^^. 


HYDRAULIC  RAM  AKD  RAM-FTO ..  85 

pipe  A.  the  wane  valve  B,  the  delivery  pipe  D 
?he  wate  :'"  ?  """  ""  '"""-o-alv:  e! 
valve  B  when  the  ram  is  first  started.  When 
fufficent  velocity  has  been  gained  by  th-  ware  " 

water  in  the  casing  and,  as  the  movement  of 
-ch  a  large  bulk  of  water  cannot  be  stopped 


fis-  I7-D.i,ram  rtowii,,  pa™  „f  ,^  ^ 


ram-piunp 

wrwhicr'^' ""  "t'  ^ "  <•"" " '«"»'»" 

or  water  to  flow  mto  the  air  chamber     Tk 
water  has  slowed  down,  the  waste  valve  B  again 
valve  B  agam,  opens  valve  E,  and  more 


,1: 


86 


FARM   ENGINEERING 


li  ^ 


i    f 


water  is  forced  into  the  air  chamber.  This 
action  continues  indefinitely  as  long  as  water  is 
supphed  to  the  ram. 

The  presence  of  air  in  the  chamber  C  is 
necessary,  for  it  compresses  when  the  sudden 
blow  ,s  struck  on  the  valve  E,  and  this  allows 
that  valve  to  open.      Of  course  the  water  will 
absorb  a  httle  of  the  air  and  after  a  time  the  air 
in  the  dome  will  be  exhausted.    Thi?  will  cause 
the  ram  to  stop  and  to  prevent  such  stoppage 
there  must  be  a  way  of  admitting  more  air  into 
the  a,r  chamber.     This  is  done  by  boring  a 
small   hole   at   N.    The   water   rushing   into 
chamber  C  sucks  in  through  the  hole  N  just  a 
tmy  bit  of  air,  but  enough  to  prevent  the  ex- 
haustion of  the  air  chamber.    On  many  of  the 
higher  priced  rams  a  "sniffer"  valve  is  located 
at  some  such  point  as  N  to  serve  the  same 
purpose  as  the  tiny  hole  here  recommended. 

Ihe  ram  as  described  above  will  raise  a 
portion  of  the  water  supplied  to  it  to  any  desired 
height.  If,  however,  it  is  desired  to  pump 
clear  water  from  a  brook  or  spring  by  means  of 
undesirable  water  from  some  pond  or  stream,  it 
may  be  done  with  safety  by  using  a  ram-pump. 
This  resembles  the  ram  shown  except  for  the 
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addition  of  the  parts  K,  S.  V,  and  H,  as  shown 
n  the  figure.    As  before,  the  water  to  opera"" 

Ze  K  and  "'"""^i"""^  through  the  small 

Z,Z         "'""  '''"'"e^  '•'«  ^»lve  E  when 
the  latter  .s  opened.    A  check  valve  at  V  oT 

s  \t" """  ''^"«  ^"--^  •>-"  uVti: 

P-pe  K  while  a  stand  pipe  at  S  keeps  sufficient 
water  presr  re  on  the  pipe  at  H  to  fill  the  r^ht 
h  nd  end  of  the  casing  at  all  times  and  "ten 
alW  a  httle  to  leak  through  the  waste  valve  B 

l^uZiifirr """«"'  "—"'"■ 

Z.,^  ""  '"  ""y  ""'"S"  of  being 

forced  mto  storage.    The  ram-pump  is  best 

Sr;t-rr°'''---^'^ecidedi;' 

Rams  and  ram-pumps  are  usually  placed  at 
easily  dramed  from  the  pit  through  open  join 

r  wertr^'^'""'''''^ '=■'<' ^--•■«.^- 

tha'^M'  "'  ~T°"'^  """^'  '"  «"  "«».  from 
that  requmng  only  one  and  one  half  gallons  per 

mmute  to  operate  it  un  »,< ■  °    °"^  P" 

j'craie  It  up  to  one  requiring  twenty- 
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*S  up  to  «2s  for  these  sizes.    Larger  sizes  are 

s«iw'    K       "f  "'"'''  """""y  »'""»  «e  in- 
stalled where  the  supply  of  water  is  large 

Ram-pumps  are  slightly  more  expensive.    If 

possible,  the  ram  to  be  purchased  should  be  pro- 

v.ded  w.th  an  adjustable  arrangement  on  the 

a  higher  head  «  used  than  was  at  first  thought 
o  be  p.jss,ble     If  this  is  not  done,  care  must  be 
taken  that  the  ram  bought  is  workable  on  the 
highest  head  of  water  that  can  be  used  by  you 


CHAPTER  XIII 
Disposal  of  House  Sewaoe 

«ream  or  even  mto  a  cistern  without  first  r^ 
■novng  the  harmful  content  is  a  serious  n^sukT 
-nd  .„  many  states  there  has  been  succj^^^fui 
ag.tat.on  for  punishing  such  an  act  by  fiTe Tr 
.mpnsonment     The  most  practical  methX« 
dev.sed  for  the  disposal  of  house  sewage^th 
out  troublesome  care  and  constant  attSdTnt 
s  the  septic  tank  method.     It  den^nH.  t 

ZT  '"'°"  ."■'  ""-  of  irtattcteS 
are  made  best  for  the  growth  and  work  of  these 
bactena,  and  they  are  permitted  to  liquefy  and 
destroy  the  solid  matter  in  the  sewar  Ate 
the.r  act.on  the  liquefied  remainder  is^oS 

1"«  T  r  ''"I  ™""""  •^-"8  ""-for 
offence.    Such  a  tank  will  not  freeze  in  the 

and  "'  ''^T',  "  ''""'''  '  f°°'  '»  the  gToiLd 
and   used  da.ly.    No  disinfectants  are   us^ 
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It  will  not  contaminate  a  nearby  well  or  spring 
if  the  tank  is  made  waterproof  by  plastering  the 
walls  with  cement  mortar. 

The  bacteria  utilized  are  of  two  kinds :  Those 
known  as  anaerobic  thrive  and  grow  in  darkness 
away  from  fresh  air.  They  are  permitted  to 
get  in  their  work  on  the  sewage  as  it  first  comes 
from  the  house,  being  led  into  a  tightly  covered, 
watertight,  non-ventilated  underground  tank' 
and  permitted  to  remain  there  undisturbed  for 


Fig.  i8. — The  septic  tank 

twenty-four  hours.  At  the  expiration  of  this 
time  it  is  almost  entirely  Hquid,  and  may  be  led 
over  a  filter  bed  of  gravel  or  a  well-drained 
trench  filled  with  stone.  Here  the  other  variety 
of  bacteria,  called  aerobic,  assisted  by  the 
oxygen  of  the  air,  transform  the  murky  liquid 
mto  a  perfectly  harmless  substance  which  may 
be  permitted  to  flow  over  the  surface  of  the  land, 
or  may  be  discharged  into  a  stream  without  any 
danger  whatever  of  contamination. 


DISPOSAL  OP  HOUSE   SEWAGE  9, 

«ke  .s  that  shown  .„  the  illustration.    It  con- 
st»  ma,n  y  of  a  concrete  box  three  feet  ,^de 
e.ght  feet  long,  and  three  feet  deep.    Three  fee 
from  one  end  is  placed  a  partition  whchLpe 
n^lr  '  """""^  °^P°'""  '"  o")"  that  the 

nfu     be  tl     TT  ~""""-    The  inlet  pipe 
must  be  below  the  level  of  the  sewage,  as  it 

ofTht  Zu'  """^  """  *•■*  PerforationHpln 
of  should  be  on  about  the  same  level.    The  out 

«  «  somewhat  higher  than  the  inlet.  bi!t  aVthe 
niet  pipe  slopes  from  the  house  down  to  the 
tank,  the  outlet  will  be  below  the  .■„„.;        ■ 
of  f  1>»  ;.,i«..    •  .    .  ^  upper  portion 

Of  the  miet  p,pe  and  thus  the  tank  will  over- 
flow properly.  It  requires  some  time  for  the 
tank  ,0  get  to  working  i„  a  thoroughly  satis! 
facton,  manner,  but  after  a  little  whUe  a  thS^ 

tr^A..  '        L     .  .  ^"®  '"^*"  '■eason  for  in- 

tretj:d.'''^'"'"'''''^''^'-'''e  surface  of 

but  ril,"  \  ''°''  ''"^  ^'"^"^  ^'^  '  "movable 

Chamber  m  order  that  the  settlings  at  the 
bottom  may  be  removed  if  found  necessar, 
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after  a  few  years'  use.  Under  no  other  drcum- 
stances  should  the  contents  be  disturbed. 
These  setthngs,  if  any  are  present,  are  mainly 
mineral  matter,  not  from  the  sewage  itself  but 
from  the  paper  or  other  foreign  substances 
which  enter  the  tank.  The  probabilities  are 
that  It  will  not  need  cleaning  out  for  ten  or  fif- 
teen  years. 

The  tank  should  remain  full  up  to  a  certain 
height  at  all  times,  this  height  being  such  that 
all  sewage  will  rem^n  in  the  tank  about  twenty- 
four  hours  or  slightly  longer.     By  plar:ng  an 
outlet  leading  to  the  filter  bed  at  the  right 
height.  It  may  act  as  an  overflow  for  the  liquid, 
thus  doing  away  with  any  necessity  for  watch- 
ing and  operating  a  valve.     The  outlet  usually 
comes  about  twelve  inches  below  the  surface  of 
the  hquid.     The  inlet  is  usually  about  twelve 
inches  above  the  bottom  of  the  tank.    As  shown, 
the  mlet  should  point  downward  inside  of  the 
tank  as  a  further  guard  against  undue  disturb- 
ance of  the  contents. 

The  filter  bed  consists  of  another  concrete  box 
failed  with  stones  and  gravel  in  order  that  the 
hquefied  sewage  may  trickle  over  it  slovly 
coming  in  contact  with  the  oxygen  of  the  air 
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bed  the  purified  s^Tg  t'rbn °?"  ""'' 
any  convenient  place     tH,  ""  ,'''»''>"««d  to 

»Kty  feet  one  set  with  n  J    •  "  *'*>'  "^ 

bed  should  be  welTtZ^"J°'""-    '^'■«  «'«*' 

The  sewage  whe:i:j^trthrb:3''H'*';'- 

oe  clear,  free  frn«,  «j  ®  °*°  should 

'aina„;po^iot"h^:£:"  r  ~"- 

The  essential  thine  isT„  T' ■""""• 
simple  theory  of  baill  ""''*"""<'  'he 
hackofthesepti^tant  '""'"  "^'"^  «« 

«™'j;««speTr5er:ft?nfb'r' 

which  h^s  nrbi""^t:r '""'"r'"'™'' 

consists  of  simply  the  ZJ     T""'  y""' 
above,  and  no  partiZ,  !         ^^  'I^^*"  "^ 
overflow   arrang^dTthl    '*'  ''"'  '^^'^  "" 
empty  into  a  number  of  tileTr  ''^'■«'«   '" 
in  the  form  of  a  ner^or^'^''  ^T'  '"'''  »« 
about  a  foot  beneath.' g"rd'  t  T  """ 
the  bacteria  in  the  ..n..^    «™"na-    In  this  way 

-ork  of  purificatt  •^'"^  "" '"''"  ""  "'«  «"»! 
The  cost  of  such  a  tank  as  illustrated  he„ 
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should  not  exceed  $15  or  $20  dollars,  being 
near  to  the  former  figure  if  the  cost  of  labour 
IS  not  included,  and  near  to  the  other  figure 
If  labour  must  be  paid  for.  This  estimate  in- 
cludes the  purchase  of  cement,  sand,  and  gravel, 
the  lumber  for  the  forms,  the  tile  for  the  drains, 
and  a  hundred  feet  of  vitrified  sewer  ulc  for  the 
inlet  pipe. 
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Kero^ne,  Gasoline,  and  Coal  as  Fuels. 
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the  Gasoline  Engine. 
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Ut.l.«ng  Small  Stream,  for  Power.      '^ 
1  he  Storage  Battery  for  the  Farm. 
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CHAPTER  XIV 

KsMaENK,  GasOUNE,  and  CoAt  AS  FUEU 

The  dwermination  of  the  relative  value,  of 
«a«>l.ne,  kerosene,  and  coal  for  small  engi„« 
has  occupied  much  thought  during  the  last  f^ 
year,  because  of  the  constantly  increasing  p„^ 
of  gasohne  and  the  much  cheaper  cost  of  ker^ 
«ne  n  many  part,  of  the  countor.    The  prob- 
«n  »  somewhat  complicated,  however,  because 
"  ■'  "7»»'y  to  take  into  account  the  reIaZ 
cost,  of  attendance  and  „pair  of  the  engine? 
Kerosene  .s  a  heavier  distillate  than  gasoUne. 
^  h  bemg  obtained  from  petroleum*  Th^ 
retically.  kerosene  has  a  higher  heat  value  th» 
ga«.l.ne  m  the  proportion  of  „  to  9,  but  it  i" 
Afficult  to  obtain  the  full  heat  value  of  ke  Jne 
fa  a  ga«,lme  engme.    A  much  higher  tempera- 

and    more   evaporatmt    surface   is    required 
Ihen,  within  the  engine,  combustion  is  not  apt 
complete,  so  that  a  deposit  of  carbon  i. 


to 


HI' 

In 


If' 


ii ' ' 


98  FARM   ENGINEERING 

left  on  the  cylinder  walls,  piston,  and  spark 
plugs,  thus  requiring  frequent  cleaning.    Any 
gasohne  engine  will  run  on  kerosene  if  started 
and  warmed  up  on  gasoline,  and  the  cost  of  fuel 
IS  less  than  when  gasoline  is  used  provided  that 
three  gallons  of  the  former  cost  no  more  than 
two  gallons  of  the  latter.     For  example,  using 
tiiese  fuels  on  small  tractor  engines  the  cost  of 
gasohne  at  30  cents  per  gallon  was  70  cents  per 
acre,  and  using  kerosene  at  15  cents  the  cost  for 
fuel  was  so  cents  per  acre.     As  this  shows  you, 
the  amount  of  kerosene  used  ordinarily  is  over 
one  and  one  fourth  gallons  to  one  gallon  of  gaso- 
line.    In  an  engine  built  to  consume  kerosene, 
the  kerosene  effects  a  greater  saving  because  of 
the  more  complete  combustion.     Under  those 
circumstances,   for  work   requiring  the  same 
power  for  the  same  length  of  time,  trials  with 
small  engines  have  shown  an  actually  smaller 
consumption  of  kerosene  than  of  gasoline,  the 
latter  being  used  in  a  gasoline  engine. 

In  general,  the  amount  of  fuel  consumed  per 
horsepower  per  day  of  ten  hours  using  gasoline 
IS  about  one  gallon,  somedmes  more  but  seldom 
less.  The  amount  of  coal  consumed  in  the  aver- 
age farm  steam  engine  per  horsepower  per  day 
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varies  from  sixty  to  eighty  poinds  with  ordinary 
finng.  although  an  exp-rt  firen.an  could  prlZ 
ably  cut  that  down  to  f,.-..v  pound.  With  tht 
as  a  basis,  you  can  figure  the  cost  of  fuel  in  you 

coal  IS  $s  a  ton,  the  cost  of  gasoline  for  a  ten- 
horsepower  engine  per  day  would  be  jSj,  while 
the  cost  of  a  steam  engine  giving  the  same  plw« 

ll  •  ^^  J  ■  ''"''*"*  "  "S  cents  a  gal- 
M  "f  '"  '••*  «''»'ine  engine,  the  cost 
would  be  about  j!,.88.  It  must  be  re;embe "d 
however,  that  coal  will  have  to  be  used  for  an 
hour  or  sogetting  up  steam,  and  the  coal  on  the 
grate  at  the  end  of  the  day,  as  well  as  the  heat  in 
the  boder  at  that  time,  is  all  wasted.    The  co« 

^1  prorar;""*"'  *''"^'°"'  f-  ^-'  ="™" 

t^steam  1^1 '  "T'  ~  **'  ""'"  *'-5°-   ^Bain 
the  steam  boiler  will  mean  added  cost  because 

of  the  constant  attendance  necessary  in  keen- 

the  boder  from  getting  too  high  or  too  low.     It 

fore  time  to  use  .t,  and  .t  will  need  nearly  as  much 
anent.on  between  spells  of  using  the  engTne, 
■f  the  fire  is  kept  up,  as  when  the  engine  is  Ld. 
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There  are  many  other  points  in  favour  of  the 
oil  engine,  such  as  less  chance  of  explosion,  less 
complication,  and  less  knowledge  necessary  to 
operate  it.    The  interest  on  the  first  cost  of  the 
plant  will  be  less,  and  the  depreciation  should 
be  slightly  less.     Yet  the  steam  engine  has  a 
number  of  points  in  its  favour.   It  can  be  "over- 
loaded."   That  is,  by  increasing  the  steam  pres- 
sure  m  the  boiler,  the  ten-horsepower  engine 
can  be  made  to  give  twenty  or  twenty-five  horse- 
power for  a  time,  with  increased  coal  consump- 
tion   of  course.    The  exhaust  steam   may   be 
used  about  the  farm  to  heat  water  for  washing 
purposes,  or,  if  properly  arranged,  the  exhaust 
from  a  stationary  engine  may  be  used  to  heat 
outbuildings. 

There  is  an  economic  importance  in  the  use 
of  kerosene  as  a  fuel  in  place  of  gasoline,  for  it 
will  tend  to  lower  the  price  of  gasoline  by  less- 
ening the  demand.    While,  of  course,  by  the 
same  argument  it  will  tend  to  increase  the  price 
of  kerosene,  there  is  such  an  oversupply  of  the 
latter  due  to  its  production  in  great  quantities 
as  a  by-product  in  the  refining  of  gasoline  and 
other  oils,  that  this  tendency  will  not  be  verv 
much  felt. 
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All  of  these  things  being  taken  into  consider- 
ation, there  is  no  doubt  as  to  the  greater  value 
of  the  kerosene  engine.  This  is  being  demon- 
strated  by  the  constantly  increasing  use  of  it, 
and  a  similar  constantly  decreasing  use  of 
steam  engines  in  proportion  to  the  total  power 
used. 
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CHAPTER  XV 

The  Oil  Tractor  on  the  Small  Farm 

While  it  is  certain  that  the  horse  can  never 
be  entirely  dispensed  with  on  the  small  farm, 
the  hght-we,ght  oil  tractor  of  from  six  to  thirty- 
hve  horsepower  capacity  is  destined  to  relieve 
him  of  much  of  the  hard  work  which  he  does  but 
slowly  and  which  wears  him  out  in  the  doing    In 
many  places  where  a  horse  is  valuable  the  tractor 
cannot  be  used,  but  the  decreased  cost  per  acre  of 
farmmg  with  the  small  tractor  over  that  incurred 
when  usmg  horses;  the  fact  that  the  tractor 
enables  the  farmer  to  do  withou.  help  at  just 
the  time  when  help  is  scarce;  the  fact  that  when 
Idle  the  tractor  costs  nothing  to  keep;  that  it 
requires  no  rest  even  on  hot  days,  but,  in  emer- 
gencies, can  be  used  all  day  and,  with  lights, 
work  continued  after  dark;  that,  being  small 
It  IS  economical  m  doing  many  things  besides 
plowing-can,  in  fact,  do  all  that  a  portable 
engine  can  do  and,  besides,  propel  itself  where- 
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ever  ,t  ,s  wanted;  all  these  advantages  mean 
more  money  to  the  small  farmer  using  such 
power.    He  is  facing  a  new  era  in  agriculture. 
His  land,  ,n  many  cases,  has  been  so  abused 
m  the  past  by  the  continuous  growth  of  crops 
vathout  fertilization  that  it  will  require  here- 
after  as  much  plant  food  put  into  the  soil  as  is 
taken  out  in  the  crops.    This  means  an  added 
amount  of  work  each  year  which  must  be  done 
at  certain  times.     Labour  is  no  longer  cheap, 
and  satisfactory  farm  help  is  hard  to  get  at  any 
pnce.  ^ 

The  average  work  day  of  a  farm  horse  the 
year  round  is  only  from  three  to  four  hours. 
Yet  he  must  be  fed  the  whole  year  at  a  cost 
averaging,  perhaps.  «.oo  for  the  twelve  months 
It  may  not  be  in  cash,  but  in  food  that  would 
sell  for  such  an  amount  if  there  were  no  horse. 
H.S  field  of  work  is  limited.     Most  of  the  small 
machmery  which  runs  by  belt  power  is  not 
satisfactonly  operated  by  either  a  horse  sweep 
or  a  treadmill,  while  feed  cutters,  silo  fillers, 
threshers,  and  similar  machines  are  too  heavy 
for  the  horse  to  handle.    His  speed  on  th,  road 
under  load  is  very  limited,  as  is  his  pulling 
power.    The  time  taken  in  his  care,  the  re- 
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pair,  to  harnesses,  the  hitching  and  unhitching 
«veral  time,  daily,  allowing  rest  when  work  is 
wamng,  are  all  features  which  raise  the  operat- 

7.Tk  ."  *""V  '  *•«'■  "'»'»""  P«'  hour 
of  work  he  does.    On  the  other  hand,  the  small 

tractor  can  be  worked  continuously  every  day 
»  plow,  harrow  drill,  disc,  harvest,  haul,  thresh! 
run  small  machmes  or  the  largest  apparatus, 
and  when  ,t  is  not  .needed  the  power  is  im- 
mediately shut  off  and  costs  of  operation  cease. 
1  he  hght-weight  oil  traaor  can  work  in  much 
»fter  soil  than  the  larger  sizes  or  even  steam 
machine,  of  the  same  rating,  and  on  the  road  it 
can  cross  bridges  and  culverts  which  would 
need   reinforcement   before  the   heavy  steam 
vehicles  or  the  high-powered  gasoUne  tractors 
could  be  taken  on  with  safety.    The  following 
tables  give  many  useful  facts  concerning  the 
smaller  mt  machines,  and  opportunity  is  thereby 
given  to  compare  the  steam  tractor  with  the 
small  gasohne  types.    Unfortunately,  the  rated 
horsepower  in  the  case  of  steam  tractors  is  not 
actual  horsepower  which  can  be  developed,  but 
>s  approximately  half  that  maximum  value. 
An  oil  tractor,  then,  should  be  compared  with 
a  steam  machine  of  half  the  rating. 
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TABLE  I 

TItACTOM    OPERATINO    ON    ^A,«,t>..    .,     „^oSZHZ 


TABLE  2 

STEAM  TRACTORS 


Hone. 

power 

ratingg 

«s 

20 

as 
30 


Weiriit 
in  Ibt. 


14.000 
20,000 
21,000 
28,000 


Drawbar 
pull  in  Ibt. 


Fconomical 
wad  ia  lb*. 


Hone 
equivalent 


4.SOO 

7,500 

9.000 

10,500 


20,000 
26,000 
30,000 
40,000 


»s 

25 

30 

35 


Diameter 
of  turning 
circle  in  It. 


35 
40 
40 
45 


The  above  tables  are  representative  and  in- 
c  ude  a  number  of  different  makes  of  tractors, 
all  of  which  are  guaranteed  for  one  year  against 
detects  of  manufacture. 

In  determining  the  size  of  tractor  needed  for 
any  particular  work,  the  following  tables  will  be 
of  mterest.  In  reading  them,  it  should  be 
observed  that  drawbar  pull  corresponds  to  the 
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pull  on  the  traces  by  horses  or  the  pull  on  the 
po^e  by  oxen.  It  is  the  pull  which  the  tractor 
will  exert  through  the  medium  of  the  drawbar, 
the  bar  which  couples  the  tractor  to  the  train  it 
draws  after  it. 

TABLE  3 

DRAWBAR    PULL   REfiUIRED    FOR   A    LOAD   OF   ONE    TON    IN 


On  the  level 

Good  road 

Us. 

Gravel 

lbs. 

Sand 

Rise  of  I  foot  in 

"      "     2       "      " 

loo  feet 

125 

i6s 

250 
270 

?5 

"      "     -       u      u 

«<      « 

290 

66s 

"      "    i       «      « 

«      « 

iS? 

310 

685 

"    "  7    It   „ 

«      « 

205 

330 

70s 

"    "  6     ..    .. 

«      <( 

225 

3SO 

725 

24s 

370 

74S 

TABLE  4 
•drawbar  pull  required  for  one  plow  bottom 

IN  VARIOUS   SOILS  »"*lOM 


Sandy 
Clover  sod 
Cjay 

Virgin  sod 
Prairie  sod 
Gumbo 


*^"''  P'°-  -"  turn  about  2^  .crcs  a  day  at  2}  mj,;;^. 


m^T 


Fig.  33.— The  past  and  th 


e  present 


1,1       il 


FiK.  24.-A  severe  test  for  any  machine 


^•^1*! 


c^^imm 


Sandy 
Clover  lod 
Clay  .     . 
Virgin  sod 
Prairie  tod 
Gumbo    . 
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Sandy 
Clover  sod 
Qay  .     . 
Virjjin  sod 
Prairie  sod 
Gumbo   . 


16-inch  bottom 


6-inch 
lis. 


288 

672 
768 

'.440 
'.440 
1,920 


7-inch 
Its. 

"336" 

896 
1,680 
1,680 
2,240 


•-inch 
lit. 


1,024 
1,920 
1,920 
2,560 


nn  ,^r"""°"   '""'   '^"'''*   *•   «   should    b« 
noted  that  m  going  up  a  grade  each  rise  of  one 

weight  of  plows  and  tractor  to  the  pull  required. 

Uken  off  the  pull  requited.  A  plow  gang 
weighs  from  600  to  700  pounds  for  each  botfom! 
so.  for  example,  a  five-plow  gang  would  weigh 
between  3,000  and  3,500  pounds. 


'°"  FARM  ENGINEERING 

The  cost  of  operation  should  include  „„, 
°"'y 'hecostof  fuel,  oil,  labour,  and  repl  b„ 
shoud  aUo  include  interest  on  the  X^S 

The  latter  figure  may  be  made  to  allow  for^ 

averages  6  per  cent,  the  country  over  De- 
prec.at»n,mcluding„pairs,shouM  be  chared 
at  10  per  cent,  to  be  on  the  safe  side.  As  to  the 
consumption  of  fuel,  most  of  the  tractorTrl  ^e 
f~m  one  and  one  half  to  two  gallons  of  fu^  per 
acre  of  land  plowed,  but  the  time  taken  to  plow 
an  acre  depends,  of  course,  on  the  speed  of  the 
tractor  and  the  number  of  bottoms  pulled    The 

."XTm  ^""r  "  "'■'"'  "  "-or'should Ln 
•n  the  fields  is  from  two  to  two  and  one  hatf 
-les  per  hour.  C.^er  than  this  leav^a  pf 
job,  wh.le  a  faster  speed  does  not  permit  the 
machme  to  exert  its  most  economical  pull     I„ 

halfto  five  m.  esper  hour  is  a  good  rateof  travd 
For  all  operations  requiring  the  use  of  the  .rat 
or  engine  as  a  portable  engine,  an  allowance  of 
about  one  gallon  of  fuel  per  horsepower  exerted 
for  a  nine-hour  run  will  be  ample. 
Average  cost  of  operation,  then,  including 
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fanner  for  h,5  tm,.  i„  driving  and  caring  for  thi 

Tcr.  r.     r'f  "°*  ""  °^"  75  cent,  to  «,  ^r 
ac«  of  land  plowed.    The  cost  per  wor^ 

d^  for  a  twenty-five  ho^epower  one-man  oH 
tractor  coning,  say,  «,,5«>,  working  ten  hours 


TABLE  s 

AVERACB  com  OF  OPERATION  (APPROXIMATE) 

Interest  at  6%  on  |i,50o^  90.00 
Depreciation  at  10%  .  550.00 
trnvers  time  at  $3  per 

Kei^e  at  loc  per  gall        ^'"^  ^^ '"  ""^  •«^°"«> 
Ion       .     .  ,^^  . 

Total  for  MO  dayt.     fc48o.oo 
t-o«  per  day        .    t      7.^ 

darSnT*"!!"  "  ',  T  °^*7-^  P*'  '"''king 
day  will  do  the  wort  of  seven  two-horse  teams 

and  dnvei.  assuming  that  the  horses  and  drivers 
codd  work  ten  hours  per  day  for  .00  days 
m  the  year.  If  hired,  seven  twc^horee  team, 
with  dnvers  would  cost  at  least  feo  per  day 


no 
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If  the  men  were  hired  and  the  horses  owned,  the 
cost  would  be  somewhat  less  than  if  the  whole 
outfit  were  hired,  as  shown  by  Table  6,  which 
follows: 

TABLE  6 

COST  OF  HORSES  AND  HELP 

Assume    first    cost    of 

horses  and  harnesses  ^5,000.00 

Interest  at  6%  .     .     .  ,80.00 

Depredation  at  10%  .  ,     300.00 

Feeding  and  care    .     .  1,400.00 

Total  for  14  horses     ^1,880.00 

g>st  per  day  .     .  9.^  (Assuming  200  work- 

Wages,  3  men,  at  $2  6.00      ing  days) 

Cost  per  day,  7  teams 
and  drivers     .     .     .    $     15.^ 

Undoubtedly  the  figures  given  in  these  tables 
do  not  apply  to  every  case.  They  are,  however, 
of  value  as  pointing  out  what  things  to  take 
mto  consideration,  and  give  some  definite  idea 
of  pnces  that  do  obtain  in  some  sections. 
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CHAPTER  XVI 

The  Ignition  System  and  Ignition 
Control  of  the  Gasoline  Engine 

As  SPRING  approaches,  thousands  of  gasoline 
and   kerosene   engines   will   be   brought   into 
service  all  through  the   farming  districts   as 
stationary  and  portable  engines,  operating  all 
kinds  of  farm  machinery,  and  as  automobile, 
tractor,   and   truck-propellin^   engines.     Two 
thirds  of  the  difficulties  encountered  in  their 
operation  will  be  due  to  defects  in  the  ignition 
systems,  or  to  lack  of  knowledge  of  the  impor- 
tance of  proper  ignition  control.     The  ignitu 
system  is  the  vital  part  of  the  oil  engine,  and  it 
must  work  properly  and  be  controlled  in  the 
correct  manner. 

There  are  two  divisions  of  ignition  systems 
under  which  all  designs  may  be  properly  dassi- 
fied :  the  make  and  break  or  low  tension,  and  the 
jump  spark  or  high  tension.  These  names  refer 
to  the  particular  method  by  which  the  spark  in 
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the  cylinder  is  made.    With  the  former  design 
there  are  two  contact  points  in  the  cylinder, 
one  of  which  is  movable  and  may  be  turned 
away  from  the  other  suddenly  by  a  spring 
tngger  arrangement,  after  having  been  in  con- 
tact  for  a  very  small  interval  of  time.    The  two 
points  are  connected  in  circuit  with  a  battery 
and  a  coil  of  wire  wound  about  an  iron  core. 
When  the  points  are  separated  the  «  momentum" 
of  the  current  causes  it  to  jump  the  gap  created 
between  the  points,'  thus  giving  the  required 
spark.    The  purpose  of  the  coil  used  is  to  in- 
crease this  tendency  of  the  current  to  continue 
to  flow  even  after  the  circuit  has  been  broken. 
1  he  coil  Itself  consists  merely  of  a  few  turns  of 
insulated  copper  wire  wound  about  a  soft  iron 
core.    Such  an  arrangement  as  this  has  been 
used  for  many  years  in  electric  gas-lighting 
systems  and  is  there  known  as  a  spark  coil. 
It  IS  commonly  referred  to  in  connection  with 
gas  engines  as  a  make  and  break  or  a  non- 
vibrating  coil. 

The  make  and  break  system,  because  of  the 
difficulties  of  mechanical  design,  cannot  be  used 
on  high-speed  engines  nor  on  very  small  sizes. 
It   has   many  advantages  and   many  disad- 
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vantae|s  over  the  jump  spark    system      A 

«n?rn;.  J^       "  ""'  "^  ""•=''  '"k'S^  of  cur- 
rent and  ,t  ,s  not  ,„  „,di,y  p^^  ^^^  ^ 

by  dampness  and  dirt.    On  the  other  hand. 

good  contacts  are  required   all  through  the 

ystem.  and  particularly  the  contacts  ^within 

u  ttr"th  '  """  ■"  '""  ''""■    This  is  diffi" 
cult,  for  there  .s  a  contmual  deposit  of  soot  and 

cL    r^'"'""^'  *^'  'y"*™  «  <'«f««ive  b.. 

.rsurfli  """""""  '"'"'•"«  •"-  »''  — 

The  jump  spark  design  is  that  in  which  a 

H^^'thtfoa'r"'  '"  ""  "'«^"*  '^«■'^- 
h^^^KM    '^^  [    '^'""  "'  ««iona,y  (but  ad- 
^stable)  with  a  fixed  distance  between  them 
They  are  m  circuit  with  the  secondary  of  ZZi 
duct„n  CO.I.  commonly  referred  to  «  a  jump 
^rk  cod  or  .vibrating  coil.    It  consists"' 
twowmdmg^.    The  primary  has  a  few  turns  of 
comparauvely  large  copper  wire  and  ,W 
nectedtothe  battery.    The  secondary  has  mZ 
thousands  of  turns  of  fine  wire,  the  fine  ^^ 
hemg  used  solely  to  allow  the  coils  to  be  crowded 
close  to  the  core  and  to  save  space  and  cost. 
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Owing  to  the  larger  number  of  turns  in  the 
secondary,  the  voltage  or  "pressure"  of  that 
circuit  IS  higher  than  that  of  the  battery  drcuit, 
and  so  It  can  force  a  flow  of  electricity  across  the 
gap.    The  current  flowing  in  the  secondary  is 
less  than  that  in  the  primary,  and  it  cannot  be 
measured  easily  and   directly  by  convenient 
instruments.    The  current  in  the  primary,  how- 
ever,  may  be  measured  by  means  of  a  pocket 
battery  ammeter,  and  should  not  exceed  one 
fourth  or  one  half  in  ampere  if  the  circuit  is 
m  proper  condition. 

The    principal    disadvantage    is    the    high 
tension  or  voltage  used,  because  of  the  difficulty 
with  which  proper  insulation  is  obtained.    The 
least  dirt  or  moisture  is  fatal  to  the  workings 
of  the  system,     .he  vibrator  in  the  primary 
circuit  used  to  rapidly  open  and  close  the  circuit 
IS  many  times  the  source  of  much  annoyance. 
On  the  whole,  however,  this  system  is  most 
generally  adopted  for  medium  and  small  sized 
engines. 

Magnetos  are  common  in  ignition  systems, 
the  low  tension  replacing  the  battery  in  the 
make  and  break  systems  and,  occasionally,  in 
the  pnmary  of  the  jump  spark  design.    The 
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high-tension   magneto,  when   used,  takes  th, 
place  of  the  whole  Jump  spark  syste;  f  de^^* 

In  an    /^  '*'"«  ~"~"«''  *'«"y  tot' 
In  all  of  these  systems  the  electrical  action  h 
practically  instantaneous,  but  it  is  not  aC 
reah^d  that,  although  combustion  i"  the  en 
gme  cyhnder  s  extremely  rapid,  there  is  a  del 
nte  period  of  time  which  occurs  between  the 
closing  of  .he  electrical  circuit  and  ThTJ^ 

the  gar  ""suT- "t "'  ""  ''  "-*  -"'--" 
■1^        ^         "  '•'*  ""•  '■<«'«^".  the  exact 
t  me  dependmg  upon  the  proportions  of  air  and 

foUowing  table  of  approximate  combustion  pL 


I 
I 
I 
I 

I 

I 

I 


part  gas 
part  gas 
part  gas 
part  gas 
part  gas 
part  gas 
part  gas 


to  4  parts  air 
to  7  parts  air 
to  9  parts  air 
to  II  parts  air 
to  la  parts  air 
to  13  parts  air 
to  14  parts  air 


0.04 

0.08 

0.12 

0.18 

0.23 

0.28 

0,31 


Because  of  this  slowness  of  combustion,  the 
spark  circuit  must  be  closed  a  Uttle  while  before 


if 
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the  pinon  get.  to  the  exact  point  where  it  i. 
de«red  rf,at  expIo.io„  take  place.  Sometime., 
for  example,  the  .park  circuit  i.  dowd  before  the 
pi.ton  reache.  the  end  of  it.  compression  «roke. 
Jet.  at  the  .ame  time,  the  force  of  the  explosion 

won  ha.  taken  place  and  the  piston  waned  back 
niere  are,  particularly  with  automobile  en- 
pnes,  many  changes  from  time  to  time  in  the 
nchnes,  of  the  mixt^e,  and  so.  of  course,  ther- 
must  be  changes  in  the  point  of  ignition  because 
there  will  not  be  the  same  intervals  between 
cloMng  the  sparking  circuit  and  the  point  of 
co-npletecombustion.  This  variation  in  themix- 
ture  «due  to  changing  thethrottle,  opening  and 
closmg  .t  from  time  to  time  as  the  load  vfrie.. 
ihen,  to«,  with  an  increase  in  the  speed  of  the 
«.gine  the  spark  must  be  advanced  because 
the  crcmt  mu«  be  closed  earlier  in  the  stroke  to 
aUow  the  same  period  of  rime  to  elapse  before 
the  pmon  reaches  the  end  of  stroke,  the  piston 
travelhng  so  much  faster  than  before.    On  the 
other  hand,  if  the  engine  is  being  started,  the 
piston  IS  travelhng  .lowly  and  so  the  spark  must 
be  retarded.    That  is,  the  cireuit  mun  be 
clo«d  at  the  time  when  the  piston  is  at  the  end 
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of  the  „rok«  „,  ft,,i,  h„  p^,^j 
««.ke.  usually  the  latter.  I„  .ither  ca.e  the 
maximum  force  of  the  explosion  will  occur  ,fter 
akerthTt  "  «'«*'','>«k.  Care  should  be 
taken  that  explosion  shall  not  occur  when  the 
pmon  .,  exactly  at  the  end  of  st™kerb^au„ 

of  explosion  bemg  transmitted  directly  to  the 
crank  and  crank-shaft  bearings. 

the' erd''SXlTen  S'^^  ""'»"  """" 
aiiu&e  wnen  the  engine  is  staitinff  it 

may  reverse  the  direction  of  mLn  of  th"c"tk 
and  so  injure  the  operator  who  is  trying  to  turn 
«  over  the  other  way.    If  the  exp WoVZ" 

,  '. ''"'  °(  Po^tf  because  the  force  of  the  ex- 
plosion will  oppose  the  motion  of  the  Jston. 
TT.™.  too.  combustion  is  slower  with  the  gas 
under  less  pressure,  so  that  the  engine  will  be- 

Tch  ""'';?''  ''  """"^  continually^th  a 
much  retarded  spark. 

These  facts  underlie  three  rules  of  spark  con- 
trd  which  should  be  memorized  and  X 
stood  by  every  engine  operator: 

the'en^!::"^  ""'  ^'^  '''''  '^^^  --"« 
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2.  Alwayt  advance  the  tpark  at  the  endne 
picki  up  speed. 

3.  Always  retard  the  spark  when  the  engine 
slows  down  under  a  heavy  load. 

In  every  case  when  the  engine  is  running,  the 
object  of  spark  control  is  to  get  an  explosion  at 
the  moment  when  the  crank  has  passed  the 
dead  centre  and  the  piston  has  started  back  on 
the  return  stroke.    This  will  give  the  maxi- 
mum power  and  the  most  economical  operation 
An  explosion  at  any  other  time  in  the  stroke 
wastes  fuel  and  injures  the  engine-from  undue 
strain  if  before  the  piston  reaches  the  end  of 
stroke,  and  from  overheating  if  after. 
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Determinino  ™e  Homepower  or  an 
Engine 

There  are  two  values  which  are  known  a.  ,h. 
horsepower,  of  any  engine.    One  i,  X  'sn' 

d.cat«|ho„ep,.^er."and  usually  w.^^"„i  „ 
r.,  while  the  other  is  th.  "k.  u    i.  ' 

written  B.  H.  P     The  inH"   ^\  °"*'^''" 

Some  of  that  wo  tg^""  ZT"  "?*  "  "°"- 

arag  of  the  moving  parts,  so  that  only  a  oortinn 
otheforceexertedcanbedeUveredto\nd: 

^Sn  at':i\XttTait'l  """^  '/  ""' 
» the  brake  ho^eSer.  '*"*"'  °^  ""■'• 

To  understand  fullv  the  m^u^     r 
ment  of  these  valu«  »  '  of  measure- 

-msworJ:^:^r:n~ttr''  "■: 

."  engineenng.    Any  force'^lhLfr::."!:^' 
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through  a  distance  is  said  ,o  do  work.    For  ex- 

amp^e  an .ronweightwhich drops  from  aheight 

of  two  feet  does  work,  because  the  force  of  gray 

«ty  equal  to  the  weight  of  the  iron  is  exfrted 

through  twofeet.Theamountofworkdone*s"he 

in  feet.  The  unit  used  is  the  foot-pound.  If,, hen 
the  iron  above  mentioned  weighs  ten  pounds' 
the  work  done  when  it  falls  two  feet  is  the 
product  often  and  two,  that  is,  twenty  foLt! 
pounds^     Work  is  the  product  of  for^td 

Energy  is  the  ability  ,o  do  work.    It  is  the 
capacity  for  work  that  a  body  or  substance  has 

as  work""Th       '■" /"<»-'»»'•«  i"«  the  same 
hL  ,r    Jr  "**'"  "*""<">«<».  before  it  fell, 
had  the  ability  to  fall  and  do  twenty  foot 
pounds  of  work.     Thus  we  say  that  ft  Z. 
•essed  twenty  foot-pounds  of  energy 

Power  is  the  rate  of  doing  work.  If  an 
engine  can  do  35,000  foot-pounds  of  work  in  one 
minute,  it  ,,  a  one-horsepower  engine,  that 
figu-e  being  the  standard  chosen  to  „pre  ent  a 
horsepower.  Power  has  to  do  with  time.  Any 
engine  can  do  33,000  foot-pounds  of  work 
even  a  toy  engine  if  you  give  it  time  enough' 
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TT>e  point  to  be  noticed  is  that  a  one-hor,e- 
Power  engine  mu«  be  able  todo  that  much  work 


Kg.  36.— The  engine  indicator 

in  on.  minute.    A  tw<^horsepower  engine  must 
do  that  amount  m  half  a  minute,  or.  what  is 
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the  same  thing,  it  must  do  twice  that  amo-nt 
m  one  minute. 

To  measure  the  indicated  horsepower  of  a 
team  or  oil  engine,  an  instrument  tnoln  as 

th    general  appearance  of  the  indicator  used 
with  steam  engines,    and    the  same    general 
arrangement  is  found  in  all  indicator!  Xre 
s  a  cyhnder  to  which  steam  is  admitted  f^m 
the  engine  cyhnder.    The  steam  forces  th" 
p.«on  back  against  the  resistance  of  a  coi^^ 
spnng  which  has  been  experimented  with  pre^ 
ous  y.sj,  that  the  pressure  exerted  by  the  «"I 
on  the  httle  piston  is  known  from  the  amoun" 
the   pring  is  compressed.    As  the  area  of  the 
small  piston  is  usually  just  one  squarelnch  the 
pr^sure  indicated  by  the  compU;"!  tt 
spnng  IS  the  pressure  per  square  inch  of  the 
engine  piston.    So  if  we  multiply  this  indicat^ 
pressure  by  the  total  area  of  the  enginepSon 
theresult  obtained  isthe  total  steampreX:"^ 

account  of  the  movement  of  the  piston  and  the 
expansion  of  the  steam. 

There  is  also  on  the  indicator  a  rotating  drum 
which  turns  through  a  distance  p«>portional  t" 
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the  Stroke  Of  the  engine  piston.  A  pencil  is  so 
arranged  that  it  goes  up  and  down  with  the  in- 
dicator piston,  and  as  the  drum  rotates  be- 
neath  the  pencil  the  latter  draws  a  diagram 
with  Its  length  proportional  to  the  engine  stroke 
and  Its  height  proportional  to  the  pressure  on 
the  engine  piston.    The  accompanying  figure 


timiMK  tmoKt 


•••  where  comprSsion  be«Ta„^  n***^"*'"."  "  "P*""!.  C 
•team  .tarts,  Se  pressure  rJ^jS?  ^  "  "''*"  admission  of  live 
•ure  at  £  '^   """  "P'*"^  "*•"»"•«  "P  to  live  iteam  pre.- 

shows  the  shape  of  such  a  diagram,  and  this  is 
knowii  as  an  indicator  diagram.  Mathematical 
calculations  show  that  the  area  of  such  a  dia- 
gram as  this  is  proportional  to  the  product  of 
the  average  pressure  on  the  piston  during  the 
stroke  and  the  length  of  the  stroke.  In  other 
vords,  the  area  of  this  diagram  is  proportional 
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by  tl  Zfr  '"  '""^  ''^'"^  o^  '^-  engine 
py  the  steam  dunngone  stroke,  so  that  knL 
mg  the  number  of  strokes  .x-,     •  °^" 


Fig.  a8.-0nefom.  of  prony  brake 

"•«sof  a  band  wWchT  I!  *^.\'"'^«'  ™»- 
the  eD«n.Tn  "^  *"  tightened  around 

fuiiey  and  requinng  constant  force  art;«»  * 
overcome  tWs  friction.    A,  thiat^rZ„; 
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lution  of  the  pulley  the  force  acts  through  a 

pulley  The  circumference  is  three  and  one 
seventh  t.n,es  the  diameter.  The  product  of 
the  length  of  the  circumference  and  the  force  of 
factjon  actmg  will  give  the  work  done  in  one 
revolut,on.  Then  by  counting  the  number  of 
revolutions  per  minute  and  multiplying  this 
number  bv  the  wort  .Int.. :_  ,    . 

divM.„„  k  ' '"  °"*  '■"oli'tion  and 

1,5*  ^V°°° "" «*' "■* '•"^^ horsepower. 

It  IS  difficuk  to  measure  the  foree  of  friction 
d.««Iy,  so  that  it  is  measured  by  suspendhg 
weights  on  the  end  of  a  long  arm  as  shown  i„* 
the  figure.  By  the  principle  of  the  lever,  the 
foce  acting  at  the  circumference  of  the  4elt 

fll  ,1.  "  "",''"«"'  °'""*  ""»  -""sured 
fnom  the  centre  of  the  shaft  is  to  the  radius  of 
the  wheel  or  pulley.    That  is: 


Friction  force 


I^gth  of  arm 


Weights 
and  hence 

Friction  force    = 


Radius 


^^^gth  of  arm  x  weights 
Radius  of  pulley 
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And  the  horsepower  as  stated  above,  beinir 
fnction  force  times  the  circumference  times  the 
number  of  revolutions  per  minute  (written  R.  P. 
M)  divided  by  33,000  will  give  the  following 
value  for  B  H.  P.  by  substituting  the  value  of 
the  fnction  force  found  ibove: 

R  u  jl"g'^  °^'""  X  ^"8ht«  X  3f  X  pulley  diam.  x  R.P.M 
Radius  of  wheel  x  33,000 

=    ^"gth  of  arm  x,  weights  x  3I  X  a  x  R.P.M. 

33.000 

because  the  diameter  is  twice  the  radius  and  we 
may  divide  them. 

If  now  we  take  pains  to  have  the  length  of 
the  arm  measured  from  the  engine  shaft  to  the 
weights,  just  3h  feet  long,  the  formula  becomes 
simphfied  and  we  obtain,  by  dividing 


B.H.P.S. 


Weights  X  R.P.M. 


1,500 


The  belt  which  creates  the  ftiction  is  usually 
made  of  hea y  canvas  held  by  springs  at  one  end 
while  a  turnbuckle  is  used  at  the  other  end  in 
order  that  the  belt  may  be  tightened  at  will  and 
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tern  ,t  ,s  frequently  found  necessary  to  throw 

-;e^^t^[:.^a7t£er:i-ss 
ai"fi:-;rL"-n:cr""'"r 

L^  engines,  up  to  ten  or  twelv«> 

horsepower,  a  balance  reading  to  twentTfive 
pounds  is  large  enough.  "'enty-five 

Gasohne  and  other  oil  engines  for  farm  use 

P  weTS  r*"  "  *•"'■'  "«'«'  '""'=  ^o"- 
power,  but  the  power  of  c4-«o». 

fortunately,  is  nrso "!«, ^st^d" "' ^"■ 
commercial  power  rating  of  steam  ^.1^ 
ordmanly  only  one  half  or  one  third  oTwhat 
they  actually  will  do  under  test     Th 

inn,aki„gcalcuIationsistoi::meiVs"^r 
engine  of  any  s^  .cified  rating  will  give  the  s!Z 

power  as  a  gasoline  engine  /f  twicH  e  r  t"" 
The  rating  of  a  steam  boiler  in  boiler  ho^ 

of  Z  rTh""* :•""""  "  ""o -••  "-e  u^ 

^^  and      "'  '^"  "r*-    A  ''°''*'  horse- 
power  and    an    engine   horsepower   bear   no 

definite  relation  to  each  other     4  k    i  T 

powerisdefinedas  equivalettot^  ^""^ 

«f  k-       r  ^^'^"' *o  ^ne  evaporation 

of  hirty-four  and  one  half  pounds  of  w«eT^r 
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hour  from  water  at  212  degrees  Fahrenheit  to 
steam  at  the  same  temperature  and  at  the 
pressure  of  the  atmosphere.  Under  ordinary 
conditions  with  farm  engines,  one  boiler  horse- 
power will  furnish  sufficient  steam  to  operate 
an  engine  of  about  one  half  horsepower  ca- 
pacity. This,  however,  is  only  an  approxi- 
mation. 


CHAPTER  XVIII 

Utiiming  Small  Streams  for  Power 

The  idea  of  water  power  is  generally  as- 
sociated with  a  mental  picture  of  an  expensive 
installation  which  is  beyond  the  purse  of  most 
farmers,  yet  it  is  no  exaggeration  to  say  that  on 
many  farms  small  streams  could  be  harnessed 
to  do  the  work  required  of  an  engine  and  with 
very  httle  expense.    The  size  of  the  stream  and 
the  amount  of  fall  is  of  first  interest,  of  course, 
m  order  that  calculations  may  be  made  of  the 
possible  amount  of  power  which  can  be  gene- 
rated.  To  understand  howthese  calculations  are 
made  we  must  first  find  out  just  what  is  meant 
by     horsepower."     This  is  discussed   quite 

S  K  T  M  ?.?/  ^"'  ^"^  ^«^'"  i"  ^-""ection 
^th  Table  yil.  Power  is  defined  as  the  rate 
of  doing  work,  and  the  unit  of  power  is  taken  as 
33  W>  foot-pounds  of  work  done  in  one  minute, 
lo  find  the  maximum  possible  power  which 
can  be  obtained  from  a  falling  body  of  water, 

*a9 
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then,  it  is  only  necessary  to  determine  the  weight 
of  water  which  falls  in  one  minute  and  the 
distance   that    this   water   falls.    The    latter 
distance,  as  a  rule,  may  be  easily  measured. 
If  the  weight  of  the  water  is  desired,  the  first 
step  IS  to  determine  the  quantity  of  water  fall- 
ing in  one  minute,  usually  in  cubic  feet.    This 
quantity  is  obtained  by  multiplying  the  average 
depth  in  feet  by  the  average  width  in  feet  and 
multiplymg  their  product  by  the  velocity  of 
flow  m  feet  per  minute.     It  will  assist  the  cal- 
culation greatly  if  a  stretch  of  stream  is  taken 
which  docs  not  vary  greatly  in  width.    Say 
the   stretch   is   200   feet   long.     Measure  the 
width  of  the  stream  at,  say,  ten  places  along 
this  stretch.    At  each  place  take  six  measure- 
ments of  the  depth  of  the  stream,  spacing  the 
measurements  from  shore  to  shore.      Average 
the  SIX  measurements  and  multiply  by  the  width 
at  that  place,  getting  the  cross-section  at  each 
p  ace.    Average  these  cross-sections  and  multi- 
ply by  the  average  velocity  of  the  stream. 
The  latter  may  be  obtained  by  noting  the  time 
taken  for  a  chip  to  float  the  stretch  of  200  feet; 
or  perhaps  an  easier  method  would  be  to  note* 
how  far  a  ch-p  will  float  over  this  course  in  one 


mlra    any  *'' '?r  "'"'''  ''"'  '"  »"« 

horsepower  canno,  be  obtained  hi  "" 

mercial  wheels,  their  effi^nl  '^  "^  T" 

50  to  85  per  cent..  ,s  pointed^ ^T^^ ,  ""> 

.  The  teim  "miner's  inch  "  which  ."''"• 

'""finite  inTra^^  ^  1"^^ " 

xVhr^i:rd"'^'"^"'=^' 

'J.  miner's  inch^ot  andr ^XSV- 
of  water  per  minute     Tu  V        "'^'^  ^*^*^ 

.nche,  inTny~  tle^  ryr""'""' 
mately  determined  by  divM^^n  '"""'"■ 
incubicre«perminu^eti^i--«- 

-amabovethefa,..    Ifnec^Cort^Jl: 
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^nream  might  be  led  thmugh  an  open 
wooden  channel  of  known  c«...-.econ  and 
known  length.  The  width  of  the  box  will  give 
the  width  of  the  .tream.  The  depth  of  the 
•tream  can  be  measured  by  means  of  a  rule  held 

M*  '"^  •  f"^.  "'""«  ""  «••«  ^'o^  of 
the  box.    The  velocity  can  be  determined  from 

L„*JrV?'*"  ^^  '*''"  "  "»"  ">«  k"own 
length  of  the  open  box. 

TTie  following  tabic  gives  the  number  of 
cubic  feet  which  must  fall  per  minute  to  give 
one  horsepower  under  the  various  heads  named: 


WATER  KBQUIMD  TO  QIV,  ONB  HOMBPOWER 


Knowing  the  horsepower  which  it  is  possible 
to  develop,  the  next  thing  is  to  choose  the  type 
of  wheel.  In  general,  water-wheels  may  be 
classified  as  gravity,  impulse,  or  reaction  wheels. 


UnilWNO  .MAIL  nUEAM.  ro>  K)WB,    ijj 

The  gravity  type  »n  operated  directly  by  the 
w«ght  of  the  falUng  water  exerted  thL^Z 
falling  d.„,„ce.    Such  are  the  brea.,  and  ove" 


m 


F«g.  29— Type* of  water-wbedt 
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shot  wheels  represented  diagrammatically  in 
i-ig.  29.     They  are  used  solely  in  small  plants, 
being  inefficient  under  normal  conditions.   Un- 
der the  best  conditions  the  efficiency  of  the 
breast  wheel  ranges  from  55  to 65  percent.,  and 
that  of  the  overshot  from  65  to  75  per  cent. 
1*  the  fall  in   the  stream  is  but  a  few  feet 
the  breast  wheel  is  quite  generally  used.    A 
slightly   greater   fall,   say   six   to  eight   feet, 
usually  results  in  the  choice  of  an  overshot. 
Ihtse  gravity  wheals  are  advocated  for  slight 
falls  of  from  three  to  eight  feet,  or  thereabouts, 
for  small  installations  largely  because  of  the 
fact  that  small  turbines  for  slight  falls  are  apt 
to  be  of  low  grade  materials  and  poor  design 
The  gravity  wheels  are  much  easier  to  make  and 
install.     In  fact,  overshot  wheels  are  frequently 
constructed  by  the  farmer  himself.     It  may  be 
any  form  of  wheel  with  buckets  or  paddles  on 
the  circumference  so  that  water  will  be  retained 
until  It  has  reached  the  lowest  point,  and  the 
weight  of  the  water  thus  impart  a  turning 
motion  to  the  wheel.     Even  board  wheels  of 
rough  design  and  construction  will  give  con- 
siderable power. 

Impulse  wheels  are  those  in  which  the  total 
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energy  of  the  wheel  is  obtained  from  the  move- 
ment or  velocity  of  the  running  water.    The 
undershot  wheel  represented  and  the  Pelton 
wheel  are  examples  of  this  class.     While  the 
undershot  wheel  is  perhaps  the  least  effici  „ 
of   all  water-wheels,    averaging    from    «   to 
4S  per  cent,  under  good  conditions,  the  Pel- 
ton  .s  the  most  efficient.     Under  favourable 
conditions  the  efficiency  of  the  latter  reaches 

IZl  T'  '"  ""  '"**"'"«^"'  installations 

.t  runs  well  over  75  per  cent.    A  running  stream 
havmg  a   ,,,gh.    ,,„    f^^,.^^^^    opportunity 

type     m'"'"°"'"'"7'r'  "'  '•■«  "'"'"^^^ 
Zl         r  "•']  r**  '*"  «'"™  «  ""owed 
to  about  the  width  of  the  wheel,  thus  giv- 
ing the  wheel  the  benefit  of  all  the  water  in 
the  stream   running   at  a  somewhat  greater 
velocity  than  in  the  open  stream.     This  lype  !s 
rapidly  disappearing  altogether,  and  is  not  to  be 
"commended  if  other  types  may  be  installed 
Frequently  m  order  to  use  another  type  as,  fo 
«imple,  the  breast  wheel,  a  dam  would  have  to 
be  constructed  to  get  a  sufficient  fall  of  water. 
1  here  IS  a  low  breast  wheel  which  is  sort  of  a 
cross  between  the  breast  and  the  undershot. 
This  IS  used  where  the  fall  is  slight,  say  a  foot  or 
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two.  The  water  is  delivered  to  some  point  of 
the  wheel  below  the  shaft,  anywhere  between 
one  quarter  and  three  quarters  of  the  distance 
from  lower  point  to  shaft. 

The  Pelton  wheel  is  increasing  in  use,  and  to- 
gether  ^th  the  turbine  is  universally  installed  in 
plants  of  any  size.     For  all  heads  above  eight  or 
ten  feet  this  wheel  equals  the  turbine  in  efficiency. 
*or  heads  less  than  twenty  to  twenty-five  feet 
however,  the  amount  of  water  used   by  the 
I'elton  makes  the  turbine  somewhat  more  eco- 
nomicaK  Above  twenty  feet  there  is  little  choice 
from  efficiency  or  cost  of  operation  until  high 
h^ads  of  from  loo  to  2,000  feet  are  reached. 
With  these  there  can  be  little  choice  between 
the  two,  the   Pelton   being  greatly  superior. 
The  principle  of  operation  makes  a  high  head 
desirable  with  the  Pelton  wheel.    The  higher 
the  head  the  less  the  amount  of  water  required 
to  develop  a  given  power.     Hence,  the  lower 
the  cost  of  installation,  for  provision  need  be 
made  to  convey  only  a  slight  amount  of  water. 
The  power  of  a  Pelton  wheel  depends  solely 
upon  the  head  and  the  amount  of  water  supplied 
tothewheel.    The  diameter  of  the  wheel  merely 
determines  the  speed  at  which  it  runs,  and  to 
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«.me  extent  is  dependent  upon  mechanical 
considerations.  With  great  quantities  of  water 
■owing  from  the  nozzle,  the  buckets  against 
which  the  water  strikes  must  be  large  enough 

forthefu  lbenefitoftheissuingstream!and  thus 
the  wheel  must  be  large  enough  to  carry  the 
buckets.    Most  of  the  so^alled  water  Itors 
are  of  the  Pelton  type.    They  range  in  price 
from  ?3o  for  the  little  six-inch  motor,  weighing 
fifty  pounds,  up  to  fo75  for  the  twenty-inch 
»'ze,  weighing  860  pounds.  Smaller  motors  down 
to  about  one  eighth  horsepower  may  be  bought 
for  as  low  as  gio.  * 

Turbines  are  of  the  reaction  class  of  wheels 
the  reaction  of  the  water  as  it  leaves  the  vanes 
furnishing  the  "kick"  which  propels  the  wheel 
In  this  type  of  wheel,  in  distinction  from  all 
others  shown,  the  water  acts  around  the  enrire 
circumference  at  once.    The  efficiency  depends 
largely  upon  the  design  and  the  ca  Julness  o 
installation.     It  may  be  anywhere  from  55  per 
cent,  up  to  8s  per  cent.    It  is  best  adapted  for 
low  and  moderate  heads,  especially  where  the 
head  vanes  greatly  from   rime   to   rime     It 
operates   at    higher   speeds    than    the    other 
wheels,  and  will  perform  its  work  even  if  set 
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below  the  level  of  the  water  in  the  tail-race. 

Low  heads  and  large  quantities  of  water  cause 
the  adoption  of  the  turbine. 

A  prehminary  survey  and  outline  report  by  a 
competent  engineer  is  advisable  in  every  case 
where  a  waterpower  plant  of  any  great  size  is 
to  be  erected.    Such  advice  is  not  expensive 
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Fig.  3o.-Diagraininatic  representation  of  typical  turbine  wheel. 


and  will  many  times  set  the  fanner  on  the  right 
track  regarding  details  of  his  venture  For 
sniall  installations,  however,  the  farmer  may 
rely  on  his  own  judgment  and  the  help  available 
from  the  manufacturer  from  whom  he  pur- 
chases the  wheel.    This  chapter  is  written  for 
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the  purpose  of  calling  attendon  to  the  possi- 
bi hties  of  the  small  stream  running  through  the 
ftelds,  and  pointing  out  a  method  by  which  the 
farmer  may  calculate  for  himself  the  power 
available  and  the  kind  of  wheel  to  install.    Just 
what  installation  is  best  in  each  case  and  the 
exact  cost  depend  upon  local  conditions.     Be- 
fore  determining  the  size  of  wheel  to  use,  the 
condition  of  the  stream  at  all  seasons  of  the 
year  must   be  taken  into  account.     The  in- 
stallation IS  for  continuous  use  and  average 
conditions  must  be  figured  on,  for  if  the  head  of 
water  IS  real  variable  a  wheel  too  large  for  all 
but  the  highest  heads  will  operate  at  a  very  low 
efficiency  when  the  head  is  low.    On  the  other 
hand   a  wheel  too  small  for  any  but  the  very 
low  heads  will  have  a  low  efficiency  on  the  high 
heads.     In  almost  every  case  the  wheel  is  chosen 
to  run  at  a  certain  fixed  speed.     This  speed 
cannot  be  maintained  under  wide  variations  in 
head  without  affecting  the  efficiency  of  the 
P  ant.    The  usual  solution  is  to  arrange  the 
plant  so  that  the  head  will  .emain  as  nearly 
constant  as  possible  and  any  surplus  water  go 
to  waste.     As  has  been  stated,  low  heads  are 
best  developed  by  turbines  and  high  heads  by 
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For  turbine  .nstallatiom  the  natural  head  at 

acS  th  "'"""  *"'^'«*''  ''^  '""•"ing  a  dam 
amss  the  stream  at  that  point.  Off  to  one  ,'d" 
of  the  dam.  as  shown  in  Fig.  3 ,,  the  raised  water 
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tXV«   '""''-""- K~»  «'"»"8h  the  turbine, 

short  length  of  pip.  or  open  channel  from  the 
head  raee  ,0  the  wheel  i,  called  the  penstock  or 

Z  Ik  ?•• '~"""  "'*''*  """"""fse  in  which 
the  wheel  .s  situated  is  called  the  wheel  pit. 
The  following  table  gives  some  figures  abou 
successful  farm  installations  of  walerpower  in 

turbme  plants. 


nl,?/  Ti  ""  '?'""  "'"'y  <■"  th'  power 
plant  and  do  not  include  cost  of  transn^ssion 
hnes  from  plant  to  the  place  where  the  power 
was  used  for  electric  lighting,  etc.,  nor  do  theX 

Ihese  four  cases  serve  to  indicate  the  possible 
vanaoon  m  cost  of  the  power  plant  it^lf  for 
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«veii  approximately  the  .ame  power.    In  ,1. 
most  every  case  an  estimate  of  ijo  per  horse 

from  ?7s  to  j!,oo  per  horsepower  will  cover  the 

cost  of  the  entire  installation  including  wiring 

■ghts,  motors,  etc.    The  higher  the  head  the  les^ 

he  cost,  other  things  being  the  same.    U. 

Is^Hy     "    "'  "" '"'  ""  ~"  '^'  •«'-P°-' 

Ju,  u'  ""'  **"*"  "^"^  *'■*  '•'""  in  the 
eight-horsepower  plant  was  of  earth.     It  cost 

TatZ  fr^     '"  ""  fift'-horsepower  insta" 

available  head  jo  per  cent,  to  the  figure  given 
The  cost  of  operation  is  merely  the  interest  and 
deprec.at.on  on  the  plant  and  the  taxes  amount- 
■ng  to   approximately   $8   per    month.    The 

exceed  ?,..s  a  month.     That  is,  for  less  than 

available  for  his  service  night  and  day  con- 
tinually.  While  the  first  cost  is  somLhTt 
greater  than  that  of  a  fifteen-horsepower  oil 
engine,  the  latter  would  cost  at  least  jSjo  per 
month  for  continual  operation. 
The  turbine  wheel  must  be  installed  pretty 
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there  „7ed   be^o"!      "  ""''•    ^"  ^='«' 

plant  lends  itself  ,r.       !     ^"      '"'  "^'^  "^ 
stances  the  water  i.T       l  *'"*"  '="™'"- 

the  fields  tol'  Wg^r^"*  r««  «  W  away  to 

-y  then  be  dStwIlVrr '""""' 
power  and  irrigation  anH  f^  '""J**"' 

the^si  ""d^  *''!,''*'"'"  *■«''  <''P«»<i»  upon 
<>Perate,  a  three-foot  wheel  costs 
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from  ^220  to  $4so,  a  four-foot  wheel  from  $285 
to  $675.  a  five-foot  wheel  from  ^350  to  $625.  a 
six-foot  wheel  from  ^400  to  ^800.  The  follow- 
ing table  give,  the  horsepower  developed  by 
these  standard  wheels  under  the  various  headt 
rhe  amount  of  water  needed  in  each  case  can  b. 
hgured  by  the  methods  already  given. 

>OW,R  DBVBtOPED   BY   FBLTON  WATBE-WHBBM 
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Smaller  wheels  may  be  purchased  for  smaller 
heads,  or  for  the  same  heads  and  smaller  quan- 
tities of  water  than  required  by  these  large  sizes. 
Any  sized  wheel  can  be  used  on  any  head,  but 
with  a  certain  head  and  a  definite  quantity  of 
water,  a  particular  size  of  wheel  is  best  adapted 
for  the  development  of  the  greatest  power. 
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CHAPTER  XIX 
Th.  Stok^ob  Battery  ,o«  the  Farm 

mercial  standpoint  buttl!.?  """'  """- 

batteiy  is  merely  any  kind  of  ,n   i       •  ,.     "«' 
which,  when  cha«eS    "u  /;?'?,'""">' 
normal  condition  iWaTo„d.V>f ''/"""  '" 
■"aintain.    Just  as  XrJrfd"  "  """"' 
comer  as  lone  as  vou  «.L    •      •  .    "'  °"  «"" 

•o  will  the  s?o"rb"S'"r''^°''^ ''^"''• 
"able  condition  »  longas^rj""  '"k"  ""■ 

When  the  charpng  current  ease^'lf**''- 
tends  to  return  to  .^.  ••  ,  a»es,  the  battery 
»o  it  rive7u„  ,  *°'".''"»"al  state,  and  in  doing 

VVe  may  compare  the  action  to 
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that  of  the  water  in  a  steam  boiler.     When  the 
fire  under  the  boiler  acts  on  the  water,  it  changes 
the  water  into  the  unstable  form  of  steam.   The 
water  is  charged  with  energy  by  the  heat  of  the 
fire  and  the  steam  is  merely  the  charged  water. 
Now,  if  the  fire  is  withdrawn  from  the  boiler, 
the  steam  will  condense  back  to  the  original 
form  of  water.    Not  all  of  the  heat  which  came 
from  the  fire  will  be  given  up  by  the  steam  when 
it  condenses,  because  much  of  the  fire's  heat 
was  lost  in  radiation  from  the  hot  boiler  con- 
taining the  water  and  steam  and  much  of  it  was 
lost  up  the  chimney.    This  will  never  be  re- 
gained. 

In  the  same  way,  the  electric  storage  battery 
will  not  return  as  much  electricity  as  was  used 
to  charge  it.     One  type,  the  lead-plate  battery, 
will  return   about  80  per  cent.     The  nickel- 
iron  cell  of  Edison  will  return  only  about  60 
per  cent.     In  other  words,  if  you  use  a  storage 
battery  for  your  farm  Hghting  plant   and   a 
certain  number  of  charges  cost  you  one  dollar, 
the  electricity  you  get  from  the  battery  on  dis- 
charge is  only  80  cents'  worth  in  one  case  and 
60  cents'  worth  in  the  other.     The  remainder  of 
the  dollar  is  lost  in  operating  the  battery. 
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Fig.  33.— '1  he  grid  before 
pasting 

Fig- ^S-ThePlante  plate 
after  shredding  but  before 
'  forming  "  the  paste 


rip.-'p. 


Fig.  34  -  The  pasted  plate 
completed 

Fig.  36 -The  Plante  plate 
completed  and  "formed" 
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The  lead-plate  storage  battery  consists  of  , 
contamer   usually  glass  but  sometimes  rubber 

pt  hot"""'  """'  "'P''""^  "^''l'  -d  wo 
P  ates  holding  a  quantity  of  lead  paste     The 

Phte^   may   be  of  two  kinds.     One   variett 

known  as  pasted  plates,  consists  of  a  grid  «; 

framework  made  of  an  alloy  of  lead  and  antl 

^e  plate,  the  positive,  has  a  paste  of  red  lead 
and  sulphunc  acid,  and  it  is  red  in  colour  or 
P«haps,  a  reddish  brown.     The  othe    p  a"' 
the  negative,    has    a   paste    of   litharge    and 
sulphuric  acid    and  when   bought  is  Usually 

typ?"  Plates'cr,K"'  ''  '""""  "'  ""^  P'-- 
type.    Hates  of  this  type  consist  of  lead  sheets 

fim  cut  up  or  shredded  and  then  treated  wTh 

acid  over  and  over  again  to  form  the  required 

paste  right  out  of  the  lead  on  the  plate  ite  f 

Th.s  IS  a  long  process  and  makes  a  more  dur  bfe 

but  a  heavier  battery.    It  costs  more  than  a 

tm  is?hat  t'h    r""*  ^"''  "-^  "^'""  P-'^d 

thrpaste  fal  ^"'^  "P^""*^  '"'^  '«» 

the  paste  fal    out,  thus  ruining  the  battery 

For  automobiles  and  trucks  where  weigh    Is 
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important  the  lighter  but  otherwise  less  desir- 
able  pasted  plates  are  sometimes  used. 

The  Edison  battery  differs  in  everv  way  from 
the  lead  cell.    The  container  in  place  of  being 
glass  ,s  nickel-plated  steel.    The  plates  in  place 
of  bemg  the  easily  injured  lead  paste  arrange- 
ments exposed  to  all  kinds  of  abuse  are  nickel 
hydrate  and  iron  oxide  packed  in  strong  steel 
tubes  or  boxes.     The  electrolyte  or  liquid  in 
place  of  bemg  sulphuric  acid  is  caustic  soda. 
The  particular  advantage  which  is  claimed 
tor  the  iLdison  cell  is  its  lower  weight  for  the 
same  capacity.     Its  bulk  or  size  does  not  varj- 
greatly  from  similar  lead  cells,  and  its  efficiency, 
as  already  stated,  is  considerably  lower.    The 
voltage  or  electrical  pressure  is  but  1.2  volts  as 
agamst  2.1  volts  for  the  lead  cell,  so  that  for 
work  requiring  a  certain  voltage  as,  say  no 
volts,  nearly  twice  as  many  Edison  cells  will  be 
required,  and  each  Edison  cell  costs  as  much  as 
the  best  type  of  lead  cell.     If  less  weight  were 
Its  only  strong  point  it  would  not  be  in  as  great 
demand   as  it  is  for  other  purposes   besides 
electric  vehicles.    The  fact  is  that  its  mechani- 
cal  strength  and  dependability  are  enormously 
supenor  to  the  lead  cell.    It  may  be  abused  in 
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.truction  with  but  s  ight  damage  resulting.  This 
1  ""  '^=«"~  ''•'ich  commends  it  for  mo  t 
fom  purposes  where  it  must  be  handled  by  men 

trlw  ""*  ""  .'""  "^''"'""y  "--"»•    l"  i" 
wi.  ^'"'Sged  as  a  battleship." 

Whether  or  not  a  storage  battery  should  be 

largely  on  the  purse  of  the  individual.  A  Lht 
;ng  P  ant  ncluding  a  storage  battery  musS; 
•nclude  an  engme  and  a  generator  to  charire 
the  b  „  besides  a  switchboard  and  i' 
Such  a  plant,  even  of  small  size,  will  cost  $300 
or  more,  and  ,ts  efficiency  will  be  very  low  A 
considerable  decrease  in  first  cost  a^d  ^'  ;„ 

creasemefficiencywill beobtained  f thelighti"; 
circuits  are  conneaed  directly  to  the  gener 

a  or   no  storage  ,attery  being  used,  'if  ht 
case,  of  course,  the  engine  must  run  all  the  time 

will  be  most  mconvenient  unless  there  is  a 
handy  waterfall  or  a  small  stream  to  operate 
the  generator  but  the  saving  of  *,oo  or  /»o 
first  cost  ,n  domg  away  with  the  storage  batt^ 

year  cost  of  upkeep  of  the  battery,  the  saving 
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of  Its  depreciation,  the  interest  on  the  money 
which  would  have  been  invested  in  it,  and  the 
saving  of  part  of  the  20  per  cent.  loss  on  each 
charge,  will  appeal  to  many  farmers  as  being 
very  desirable  even  at  the  expense  of  some  in- 
convenience. 

The  capacity  and  number  of  cells  to  be  pur- 
chased  depend  upon  the  voltage  of  the  system 
installed  and  the  amount  of  lighting  that  is  to 
be  done.     The  voltage  of  the  individual  lead 

to  1.8  volts,  below  which  it  must  not  go.  The 
workmg  voltage  is  generally  figured  at  2.  The 
Ed'son  cell,  if  the  discharge  rate  is  normal, 
starts  at  about  1.5  volts  when  fully  charged  and 
drops  very  fast  to  shghtly  over  1.2  when  the 
Ja  I  to  0.9  volts  is  gradual.  It  must  not  go 
below  the  latter  figure.    The  normal  voltage 

IS  1.2. 

The  capacity  of  a  cell  is  measured  in  ampere- 
hours  One  ampere-hour  capacity  means  that 
the  cell  will  g,ve  a  current  of  one  ampere  for  one 
hour.  The  cell  will  probably  actually  give  less 
than  one  ampere  if  discharged  in  as  short  a  time 
as  one  hour,  because  the  rating  is  always  at  the 
eight-hour  rate  of  discharge.    That  is,  the  bat- 
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voltage  for  r       .     ^      "'"•  '•"  ™'"'"°''  ''"use 
oitage  for  these  elearic  plants.     At  60  voir,  ir 

watt  lamp.    The  "watt"  is  the  electrical  „„.v 
of  energy.     It  is  the  product  of  one  amTer    and 
one  volt  so,  given  the  watt  ratine  7Z\ 
and  the  voltage  of  the  systemrdT^dlt  ^ 

lamn.  l    "^^     T  *"  """'"P'^  '^^   ""mber  of 
lamps  you  wish  to  use  at  one  tim.  k       l 

one  lamp  under  the  voltase  nf  ,1,        P""  '"' 
use  and   you  eet   rh.  l    '^"*'"  J""" 

required  for;our  tofagelTC  /  "T^ 
ance  should  be  made  fof !!  ^^  T  ^"°^- 
arise  requiringthe  l/ 'T'^^"''^?  "Wch  may 
usual.  '  °'^  """•"  '^'"P«   than 

of  it 'It'"'  "•'"!*  «'^"  ^PP™''™^^  ideas 
;»:::;:        "''"""°^»'"'°^  ">e  battery 
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TABLE  I 


""Q^Og   BATTERY  SYSTEMS 


^    As  this  table  indicates,  the  cost  of  any  storage 

-ttery   installation   depends   largely"^  on     h^ 

voltage  of  the  system  used.     There  must  be  al 

voltage  of  the  system  by  the  voltage  of  the  in- 
dividual  cell  vtrA     Tu-      i  . 

«hl.  i.  ^*  voltages  given  in  the 

table  are  those  usually  used  in  small,  isolated 
counto.  P  ants,  the  thirty-volt  system  bZ 
very  popular.  With  the  higher  voltage  i^ 
pressed  on  lamps  of  the  same  rating  in'wat" 

with  the  lower  voltage,  so  there  may  be  more 
lamps  lighted  even  using  the  same  sizTof 
storage  celL  The  folwfng  tables  afforfo^ 
portumty  for  determining  the  dimensionsT^ 
the  cells  and  their  electrical  characteristics- 
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TABLE  III 

A  TYPICAL  LEAD  PLATE-BATTERY 


Weight  in  pound* 
Normal  amp.-kour 


35 


capacity 


Ampt.  discharge  at 
5-hour  rate 

Voltage 

Length  " 

.     Glass 

^'^  Rubber 

Width 


20 


B 


S5 


40 


3-S 


2.0 


-     Glass 
J'^Xubb,, 


Height 


7i" 
61" 


2.0 


72 


__^. 


60 


10. s 


2.0 


88 


80 


103 


100 


2.0 


3i" 
HI" 


J     Glass 
J"^  Rubber 


Price 


I      17" 
131" 


J"  Rubber 


7i' 
61" 


4i" 
Si" 


7i' 
6i' 


61" 
4li" 


17" 


^4-34      ^6.90 
6.10I      y.i6 


9" 

8i" 


Si" 

3i" 


17.S 


2.0 


17" 
131" 


*9.37 


20J" 
16" 


^  9-94 


8" 

6r 

9i" 
_7A" 


I7"< 
Jli" 


12  «    I    12.40 


^14.12 
18.3s 


Table  III  gives  only  one  make  of  cell  and 
only  one  line  except  cell  D,  which  is  another 
line  altogether,  yet  it  is  made  by  the  same  man- 
ufacturer as  the  others.    This  cell,  although 
approximately  the  same  price  as  cell  C,  has  a 
third  greater  capacity.    This  is  owing  to  the 
fact  that  the  plates  are  larger  and  thus  cost 
less  to  make  per  square  foot  of  their  surface,  and 
the  size  of  the  plate  surface  determines  the 
capacity  of  the  battery.     Whenever  batteries 
are  purchased  it  is  important  to  state  to  the 
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manufacturer  not  onlv  ,1,- 

<."-andthen„nr£:f'',,rbuTrr 
amount  of  space  you  have  avai  able  for  Z"  "" 
Some  manufacturers  will  fi  -l  .  "°"««- 
wooden  tanks  Wl,    „         ,   ™"''    '"d-Iinej 

Partments  for  thT  ntifer'^  """«*''  '«""- 
fragile  glass  or^^nlitlZ'"^^"'''^'^' 
for  the  individuHT  r™''''"  """'^^''^ 
tW«  will  save  money  on  t^^ '""r  '""'"=*» 
-ellasupontherepX::stf '"""'"""^y- 


PART  IV 
DRAINAGE  AND  IRRIGATION 

The  Principles  of  Drainage. 

The  Construction  of  a  Tile  Drain 

Some  Facts  Concerning  Small  Irrigation  Prac 
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CHAPTER  XX 

The  Principles  of  Drainage 

The  immediate  purpose  of  drainage  is  evi- 
dent to  any  one.     It  is  to  remove  the  surplus 
water  from  the  land.    The  reasons  why  this 
improvement  results  in  better  crops  is  not  so 
obvious.     It  is  the  purpose  of  this  chapter  to  ex- 
plam  briefly  what  drainage  is,  the  reasons  for 
dramage,  the  desirable  drainage  methods  and 
pnnciples  underlying  them,  and  to  give  some 
practical  information  about  drainage  systems, 
thus  making  clear  why  better  crops  result  from 
carefully  planned  artificial  drainage.    The  next 
chapter  will  explain  in  detail  how  to  tackle  any 
particular  job  of  tile  drainage. 

First,  it  is  necessary  to  call  attention  to  the 
well-known  but  easily  forgotten  fact  that  the 
soil  everywhere  is  permeated  with  moisture. 
All  soil  has  some  water  in  it  even  when  it  appears 
to  be  quite  dry.  This  water  may  be  of  two 
kmds,  either  hydrostatic   (ground  water)   or 

IS9 
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capillary  moisture.    The  latter  fills  the  small 
pores  between  the  particles  of  soil  above  the 
ground  water  level.    The  former  fills  all  the 
spaces,  big  or  little,  below  that  level.  The  ground 
water  level  is,  of  course,  a  variable  thing,  con- 
stantly shifting  as  the  seasons  are  wet  or  dry 
Its  location  at  any  particular  time  may  be  de- 
termmed  by  digging  a  post  hole  or  well  in  the 
soil.    The  level  at  which  the  water  stands  is  the 
ground   water   level    at  that   point.     In   wet 
weather  the  hole  may  be  pretty  full,  while  in  dry 
weather  the  water  level  may  be  several  feet 
below  the  surface.     For  crops  to  thrive  and 
prosper  the  ground  water  level  must  be  several 
feet  below  the  surface  most  of  the  time,  and 
capillary  attraction,  such  as  exerted  by  any 
porous  body  as  a  lump  of  sugar  or  a  sponge,  is 
depended  upon  to  lift  or  suck  up  from  the 
ground  water  sufficient  i.  oisture  for  the  use  of 
plants. 

In  clayey  soils  the  water  does  not  drain  off 
readily  after  a  storm.  Puddles  and  mudholes 
form  on  the  surface  and  only  dry  up  by  evapo- 
ration. The  ground  water  level  is  then  high, 
being  lowered  gradually  by  the  slight  seepage 
through  the  soil  and  by  evaporation  from  the 
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surface.  Before  it  lowers  sufficiently,  however 
another  storm  comes  and  raises  the  I^Vel  I^,?;* 
Thus  the  ground  water  in  such  soils  is  Zyi 
h-gh  except  .n  times  of  extreme  drought.  l/u 
such  soJs  that  are  benefited  by  drainage. 
Any  soil  where  the  natural  drainage  is  ooor 

''cnented   by  artificia     drainaire     Of 
course  all  soils  must  be  drained  in  ord«th« 
they  may  betillable,  but  in  most  cases  ths 
done  naturally  by  seepage  through  porous  la^ 
ers  to  an  impervious  layer  where  there  is  a„ 
underflow  of  ground  water  carrying  off  aU 
surplus  moisture.    All  soils  which  are  sandv  or 

n~i|y  t  """-'  T  -  ^  -X  S:; 
naturally,  however.    There  may  be  a  clavev 

subsoil  close  to  the  surface  which  is  neari^s 

entirely  up  to  the  surface.    Occasionally  such 
^nds  cannot  be  drained  advantageouy.lt 

^ tiTed  K  ™t"  ?'  """^  "«  ^  «  P-us 
as  expected,  but  the  subsoil  may  be  very  ooen 

and   give   perfect    underdrainage.    It  Ts  Tot 

pos^ble,  therefore,  to  tell  from  mere  inspectio" 

of  the  surface  soil  whether  or  not  anifidal 
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drainage  is  needed.    In  general,  what  is  known 
as  a  'Vet"  soil  needs  drainage  as  docs  also  a 
late  *  soil,  while  a  "dry"  soil  or  an  "early" 
soil  is  well  drained  naturally. 

The  reasons  for  drainage  are  many,  but  all  are 
contributory  to  one  great  reason,  and  that  is  to 
raise  a  better  crop.    In  many  cases  crops  have 
been  more  than  doubled  on  land  which  was 
tillable  before,  while  the  reclamation  of  swamp 
land  and  production  thereon  of  a  splendid  crop 
IS  extremely  comnion.     Drainage  opens  up  the 
soil  by  removing  the  surplus  water  and  allowing 
the  air  to  enter.     The  air  currents  circ  jiate  all 
through  these  porous  soil  layers.     This  is  bene- 
ficial in  many  ways.     It  makes  the  soil  more 
fnable    and    less    likely  to   cake.     It   assists 
necessary  chemical  actions  in  the  soil.     It  pro- 
motes the  growth  of  bacteria  which  are  necessary 
in  order  that  the  soil  materials  may  be  changed 
into  plant  food.    Air  is  essential  to  rugged  root 
development.    If  the  ground  is  water  soaked 
so  that  the  roots  must  cling  close  to  the  surface 
to  breathe,  then  in  times  of  drought  the  water 
level  goes  so  far  below  them  that  capillary 
attraction  will  not  raise  water  for  their  use     If 
on  the  other  hand,  the  upper  soil  contains  fre^ 
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air.  the  root,  strike  deep  i„,o  the  soil  and  the 
comparatively  slight  change  in  water  evel  a' 
drought  times  does  not  affect  them.  Th  y  have 
a  larger  area  of  capillary  tube,  to  bring  them 
their  water  supply.  * 

mIu    '/'"  '*■"  ''"''"*<'  «•"  ^h""  worfc- 

~.l  when  m  the  same  tillable  condition.     Well- 
dramed  soils  are  more  open  and  less  compact 
and  therefore  hold  more  water  in  suspensfo 
than  undramed  soils.    They  have  greate   c T^ 
■Mary  power  because  they  are  more  porous  sC 
that  long  after  crops  in  undrained  soils  have 
penshed   those   tiny  capillary    tubes    in     he 
porous  ,0,1  supply  water  to  their  plants.    The 
small  amount  of  water  that  does  fall  in  the  dry 
season  can  be  much  better  conserved  in  drainid 
-Is  because  it  is  possible  to  get  on  the  land  at 
once  and  cultivate  it. 

Drained  soils  are  from  5  to  10  degrees  wanner 
than  undrained  soils  in  the  spring  mon^Tnd 
somewhat  warmer  most  of  the  time.  it"s 
possible  to  get  on  a  drained  field  from  thr,L 
weeks  to  a  month  earlier  in  the  snrin.  k 
ofthU     Tk  .  ""'^.'"  tne  spring  because 

of  this.    The  wateris  carried  off  and  the  airgets 
m  the  soil,  warming  it  up.    There  is  not  the 


ii: 


;:i 


164 


FARM   ENGINEERING 


cooling  effect  of  continued  evaporation.    The 
sun's  heat  warms  the  soil  and  doesn't  have  to 
first  evaporate  the  surplus  water.    Seeds  germi- 
nate better  in  a  warmer  soil,  and  by  getting 
such  an  early  start  f he  crops  are  well  along  in 
hot  weather  so  that  they  can  stand  drought 
better,  besides  allowing  the  farmer  finally  to 
take  advantage  of  the  early  markets.    To  a 
great  extent  the  "freezing  out"  and  "heaving" 
of  wmter  grain  and  of  posts  will  be  prevented  if 
the  soil  is  drained,  because  the  water  will  be 
drawn  downward  and  not  allowed  to  freeze. 
Drainage  prevents  washing  and  floods  in  wet 
growing  seasons.    It  is,  in  short,  a  stabilizer 
which  makes  uniform  growing  seasons,  allowing 
the  growth  of  a  good  crop  every  year  whether  it 
IS  a  wet  season  or  a  dry  one. 

Underdrainage  is  valuable  for  fertilizing  purw 
poses.  It  has  been  mentioned  that  the  passage 
of  air  freely  through  the  soil  helps  the  chemical 
and  bacterial  actions  which  occur.  Fertility 
is  also  added  to  the  soil  with  each  fall  of  rain  or 
snow,  for  as  the  water  is  drawn  through  the 
soil  it  is  deprived  of  the  nitrogen  and  carbonic 
acid  which  it  took  from  the  air  in  passing.  This 
IS  all  lost  if  the  water  is  carried  away  by  a  sur- 
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face  flow.  Manure  and  other  fertilizer  are 
drawn  down  through  the  soil  layers  by  the 
water,  and  surface  washing  is  prevented. 

Surface  drainage  by  ditches  will  not  give  all 
these  benefits  but  it  is  beneficial  in  many  places, 
for  ,t  lowers  the  ground  water  level  and  permits 
cultivation.     Underdrainage  is,   however,  the 
advisable  method,  and  this  can  be  best  accom- 
plished by  modern  tile  drains.     Both  cement 
and  clay  are  used  for  tiling,  and  there  -  1|y  is 
not  much  choice  between  them  if  the     are 
properly  made.    Usually  cement  tile,  if 'used, 
IS  made  at  home  by  the  farmer  while  clay  tile 
IS  purchased.    Under  these  conditions  the  cost 
of  the  cement  tile  is  about  half  that  of  the  clay. 
If  labour  IS  not  counted.    The  mixture  used  is 
one  part  cement  to  four  parts  of  clean,  sharp 
sand  for  the  smallest  sizes,  and  one  part  cement 
to  three  parts  of  sand  for  the  larger.    With  a 
hand  machine  two  men  can  construct  1,000 
feet  of  four-inch  tile  in  about  two  days  of  eight 
hours  each  at  a  cost  of  from  $8  to  $10  for  the 
matenals  used.    The  cost  of  clay  tiles  is  approx- 
imated in  the  following  table,  including  freight 
rates  for  100  miles.    As  this  tile  is  made  in  every 
section  of  the  United  States,  no  difficulty  should 
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be  met  w.th  in  getting  i.«  any  tin,.  „d  in  any 

PRlCB.,WBIGHTa,AN»COW  OF  lATINO  CIA,  mg 


Tile 
Diameter 


Price  per     Idgt   ler    rodi  1 
1,000  ft.          »'  J'''"*  J  Poundi  per  ft.  I  Average 
"'  °»«P        j  I  load 


6 

7 
8 

10 
12 


4  in. 

5  " 


« 


« 


caiw 


^•33 

6 

•33 

8 

•33 

II 

•35 

14 

.40 

18 

•45 

*S 

•50 

33 

.J^L^'^'^"'  ^T^J  ='"''  '''^^'"e  of  tile  for 
any  particular  job  depends  upon  local  con- 
dmons  and  on  the  «ze  of  tile  used.  Large 
t.le.  as  used  m  mams,  may  have  a  fall  as  sUght 
as  one  mch  m  ,00  fee.  but  small  tile  used  for 
aterals  or  side  branches  must  have  at  least 

Lmes  of  tJmg  across  a  slope  to  prevent  the 
seepage  of  water  down  the  slope  should  have 
considerable  fall,  six  to  ten  inches  in  ,00  feet  fa 
little  enough.  ""leetis 

The  depth  of  lines  of  tile  depends  largely  on 
the  spacmg  of  the  lines.  The  deeper  they  a„ 
the  farther  apart  they  may  be  spaced.    The 
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closer  the  lines  are  laid,  the  shallower  they  may 
be  placed.  Three  feet  is  the  common  depth 
in  clay  and  four  feet  in  a  sandy  soil.     In  the 


Fig.  41.-A  natural  system  of  drainage 

fonder  case  the  laterals  are  placed  four  rods 
apart,  in  the  latter,  eight  rods  apart.     Portions 


:t 
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Hi 
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of  the  field  may  need  closer  lines.  A  simple 
calculation  shows  that  in  the  former  case  forty 
rodsof  tihng  is  needed  per  acre  for  the  laterals, 
while  if,  as  in  the  latter  case,  they  are  eight  rods 
apart,  twenty  rods  of  tiling  is  enough. 

The  cost  of  draining  depends,  of  course,  on 
the  depth  and  spacing.     It  ranges  from  $14  to 
340  per  acre.    The  average  cost  in  a  great 
number  of  cases  was  JS25  per  acre,  using  four- 
mch  tile  for  laterals  and  six  to  ten  inch  for 
mams.    The  following  table  shows  the  approx- 
imate  cost  per  acre  under  various  conditions, 
using  a  four-inch  tile  at  $18  per  thousand  and 
estimating  cost  of  laying  as  given  in  the  previ- 
oustable.    Thistablefollowingmakesallowance 
for  digging  ditch,  purchasing  tile,  laying  tile,  and 
refilhng  ditch.    Cartage  will  have  to  be  added : 

APPROXIMATE   COST  OF  TILING  PER  ACRE 
Spacinc 


200  ft.  apart 
ISO "        " 


120  " 
100  •• 
80  " 
60  " 
SO" 
40" 
30" 


M 
«« 
«( 
U 
U 
tt 
U 
€» 
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The  systems  of  tiling  used  are  6ve  in  number 

bI  r  iSrr  :„^t-  ^^^  t^^ 

system   all  Z    JT'  ^^^  cross-the-slope 

system,  all  of  which  are  shown  in  tU^ 

he  vl        "  "'""'  "'""«  ''"*  '°*«t  part  of 

made  oT  "*'  '""''•"'  ""  =•"«">?«  being 
made  to  lay  out  a  systematic  design     It  is  ;„ 

many  ways,  the   most  economica"  pla^    '  j 

frequently  the  most  efficient     The  I") 

=;  Tl'" ""  "^"^  -"Itht:::? 

covenng.    It  is  very  economical.    Theherrint 
bone  .s  rather  a  cross  between  the  foLer  t^f 

;^   ion  J^''"^  ''*''•' ^«''  »  ~'"e: 
ml  ""pUc  "■'"S"'™"^''  "•  "'-e  which  the 

.XntrbutV„rs::^rsr'r'''* 

The  single  line  is  useT^n  VeXl":' 

an  outlet  wh.ch  must  be  kept  free  and  clean 
The  ctoss-the-slope  arrangement  is  used  ^Z 
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arrangement  is  desirable.  In  every  case  the 
mam  should  run  along  the  lowest  ground  and 
the  laterals  run  parallel  with  each  other  and 


Fig.  ♦^•-^_||"  drainage  systems    ^-Gridiron.   if-Single  line 
C— Hernngbone.    Z>-Cross-the-8lope  ^'"s'^  "ne- 
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With  the  slope,  unless  the  latter  is  very  steep. 
It  IS  thus  seen  that  the  field  will,  to  some  extent- 
lay  itself  out  and  choose  its  own  system 

Frequently  catch  basins  are  desirable  along 
the  line  of  drains  to  carry  away  some  particular 
flow  of  surface  water.    They  are  easily  placed 
at  the  time  the  drains  are  laid.    In  every  case 
care  should  be  taken  to  prevent  dirt  and  silt 
entering  the  drain  at  these  places.    Such  tile  lines 
should  be  SIX  inches  in  diameter  at  least.     The 
basins  are  m .. .ly  pits  filled  with  broken  stone. 
Occasionally  they  are  walled-up  cisterns  built  of 
concrete  covered  with  a  protective  grating. 

.K    .rf '' °'' ^"^"^*"s ^"P^"^  ^^^geiy  upon 

the  skill  shown  in  planning  and  executing  the 
work.     Not  always  will  the  first  crop  pay  for 
the  dramage  installation,  but  in  every  case  where 
intelligent   management    is    used    four   crops 
should  show  such  an  increase  as  to  more  than 
pay  for  the  system  and  interest  on  the  invest- 
ment dunng  that  period  of  time.     In  hundreds 
of  case^  one  crop  on  land  which  had    never 
before  felt  the  plow  has  paid  many  times  over 
for  the  drainage  operations.     In  a  few  cases 
drainage  has  not  increased  the  crop  any  but  has 
made  it  earlier  and  so  of  more  value 
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The  Construction  of  a  Tile  Drain 

There  a«  at  least  four  distinct  step,  in  the 
~nstn..t.on  of  any  drain:  (i)  locating  the  out- 

.•„H'  ^^-i     f  ^"^  '•"  "'"'« """'theads  and  lay. 

.ncludes  maiang  a  .ketch,  however  „,ugh  it  may 
be.  of  the  land  to  be  drained.    Note  on  it"he 
skpe  of  the  land  and  the  points  of  the  commas, 
Mark  the    hne  of  lowest  land.    Make   this 
sketch  complete  for  a  whole  drainage  systim 
no  matter  how  little  is  to  be  done  at  Ipre^^ 
moment.    Then  the  little  that  is  done  ^^ 
be  made  to  accord  with   the  plan   for   the 

whole,  and  trouble  later  on  ma/ be  av^idS 
Then  with  this  sketch  in  hand  go  over  the  land 
carefi.l|y  and  follow  the  gene^  Z^'^ 

ittj;       /  "  '"P»«^'  '"d  not  exacting.-but 

hel !!?       M  ^™™  """^  '^P'™""  'o give 
the  most  desirable  results. 

>7« 
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!•    Locate  the  outlets  of  th^  ^  • 

lowest  points  of  JZaZ^inJ"" 

present  waterway  or  into  an  opTnTch  Zinl 

to  some  waterway.    Have  =,  f.„  * 

usually  one  is  enougli.     It  will  n,„  • 
cases  to  hii.'M  -         » '•     *t  will  pay  m  most 
cases  to  bmid  a  concrete  casing  for  the  oui-I« 
and  acioss  the  opening  embed  bars  of  iZ'o 
prevent  the  entrance  of  anything. 

of  Le^'^nd'  '"^"  "  "r'  ^'""8  ">«  '»« 

-.fri„?rg":Li-hTrks 
«^xt:::srgone^-«tl^^^^^^^^^ 

you  can  save  tiling  and  fave  jW      '"^  '"'"' 
3.    Marie  line  of  main  and  h„es  for  lateral, 

wher^d  1'  '^'  '"""''  P"""''  «o  each 
nrMght.  If  curves  are  necessaty  make  them 
wth  a  long  radius.    Avoid  sharp  bends 

nurn^  \  "T  '  "«*"  '^^^'-  Divide  by  the 
number  of  stakes  and  thus  get  fall  between  each 
two  consecutive  stakes.  wneacn 
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S.    Calculate  depth  of  ditch  below  top  of 
each  stake  to  give  p^per  fall.    Make  Xa 

ZffT^  '"^  "  ^""-P''"  »'  this  calcu- 
lated depth  away  from  the  end  of  the  pole. 

6.    Stretch  a  cord  from  top  of  one  stake  to 
the  n«,  „  ,  g„;j,  .„  j__^^     ^.^  ^,^^  ^^ e    o 

have  the  proper  calculated  fall  which  the  ditch 
«  to  have,  so  that  if  the  depth  gauge  is  placed 
anywhere  w,th  the  cross-piece  on  L  line  he 
end^of  the  pole  will  be  on  the  bottom  of  the 

is  to  e!r£"  *^'"*  "'  '•'"  °«'"  "'•  'f  <•«'« 

IS  to  empty  mto  an  open  ditch  which  runs  to 
some  waterway,  dig  this  ditch  first.  Then 
b  gm  the  t.le  drain  main  ditch  at  outlet,  maWng 
dnch  a  foot  to  one  side  of  line  of  stakes  so  that 
pos.t.on  of  stakes  will  be  preserved.  Start 
d  tch  „„h  plow  and  then  use  hand  took.  D.^ 
ditch  just  w.de  enough  to  stand  in.  perhapf 

bottom  for  a  ditch  three  feet  deep 
8-    After  getting  ditch  the  right  depth  at 

humps  and  hollows  and  make  a  smooth,  gradual, 
and  continual  slope.  Test  this  grade  in  many 
places  by  measuring  down  from  Une  with  the 
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depth  gauge.    Th»  part  of  the  work  i,  verv  in, 
Portant  and  needs  care  ^  ™' 

put  m  shape.    Start  laying  the  tile  at  the  ouZ 

lo.     Begin   at  outlet   and   lay  main     Th, 

first  few  feet  should  be  of  glazed  o'r  h"^:iuS 

b' ::::::;.'""•  ^'>'«-^-io-sho"j3 

or  V'-M^t"  ""  """^  '^'''  "one  to  prote«  it 
or  build  the  concrete  bulkheads.    ThisTim 
portant  and  should  not  be  slighted     I   „!  T 
postponed  until  later,  if  des  fe7  K  ^  "" 

be  forgotten  '  ''"'  "■""  "« 

.3.    Go  back  and  finish  laying  laterals. 

orth'^riL^rrto'ctrifa'-r 

entrance  of  drt  or  rubbish  ^"'"'  ""= 

'S-    Cover  every  hole  or  crack  in  or  between 
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tile  larger  than  one  quarter  inch  by  a  piece  of 
broken  tiling. 

16.  Cover  tile  with  loose  earth  carefully. 
Then  fill  ditch  in  most  convenient  and  rapid 
way.  A  scraper  made  of  a  plank  on  edge  some- 
thing like  a  snow-plow  will  do  good  work  if 
pulled  along  the  ground  at  one  side  of  the 
ditch.  So  will  a  road  scraper  or  a  split-log  drag. 
By  turning  several  furrows  into  the  ditch  with 
an  ordinary  horse-plow,  the  filling  will  be  very 
rapidly  done. 


I 


The  following  suggestions  may  be  of  value  in 
connection  with  the  work: 

1.  Plan  the  work  and  start  deep  enough  to 
drain  the  whole  field. 

2.  If  the  natural  slope  is  not  good  enough 
the  ditch  may  be  made  a  little  shallow  at  the 
upper  end,  grading  to  the  proper  depth  gradu- 
ally. Remember  that  the  grade  should  be 
uniform  along  any  length  of  tile. 

3.  Get  all  the  fall  possible. 

4  Make  joints  real  tight.  Water  can  get  in 
where  sand  and  dirt  cannot.  No  opening 
should  be  more  than  one  fourth  of  an  inch. 

5.    In  quicksand  cover  each  joint  with  a 
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piece  of  roofing  paper.  A  little  concrete  laid  in 
the  bottom  of  the  ditch  and  grooved  will  help 
greatly  in  maintaining  the  grade  through  a  run 
of  quicksand. 

6.  Keep  an  accurate  map  of  the  whole  field, 
marking  carefully  the  location  of  joints  and 
dead  ends. 

7.  Cover  end  of  last  tile  laid  if  work  is 
mterrupted  so  as  to  prevent  filling  if  a  heavy 
ram  comes  on  before  work  is  resumed. 

8.  The  first  dozen  joints  next  to  outlet  should 
be  cemented  tight  to  insure  perfect  results. 
The  greatest  care  must  be  taken  of  outlets. 

9.  Use  no  tile  smaller  than  four  inches  in 
diameter.  It  doesn't  pay.  They  fill  up  quickly 
and  their  first  cost  is  but  slightly  less  than  the 
four-mch.  Remember  the  four-inch  has  nearly 
twice  the  carrying  capacity  of  the  three-inch,  and 
vanations  in  grade  which  would  be  disastrous 
to  the  three-mch  will  not  greatly  affect  the 
larger  sizes. 

10  Every  tile  should  be  perfectly  round  and 
should  give  a  clear,  metallic  ring  when  struck. 

II.  Open  ditches  should  be  seven  feet  deep 
and  at  least  three  feet  wide  with  45  degree 
sloping  sides. 


ill 
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CHAPTER  XXII 

Some  Facts  Concerning  Small 
Irrigation   Practice 

It  18  now  recognized  that  practically  all  crops 
may  be  benefited  by  proper  irrigation  where 
water  is  cheap  and  plentiful.     It  is  not  as  uni- 
versally known  that  proper  drainage  is  essenrial 
to  make  the  benefits  from  irrig.^tion  as  great  as 
possible.     The  danger  without  drainage  is  that 
the  raising  of  the  ground  water  with  consequent 
capillary  rise  and  evaporation  will  cause  too 
great  an  accumulation  of  undesirable  soil  salts 
in  the  surface  layers  of  the  earth.    This  is  a 
subject  that   has   attracted   the   attention   of 
many  experts  and  what  is  referred  ro  when  the 
statement  is  made  that  continued  irrigadon  is 
the  cause  of  soil  deterioration.     Proper  culti- 
vation of  irrigated  lands  and  care  in  the  use  of 
water  will  do  much  to  ofFset  the  disadvantage  of 
poor  drainage.     Cultivation  of  the  soil   after 
applying  the  water  will  prevent  rapid  evapo- 

178 


k'* 


SMALL  IRRIGATION  PRACTICE  179 

ration  and  will  allow  the  crops  the  full  use  of  the 

waterapplied,  thus  makingforeconomy  in  water, 
rhe  desirability  of  cultivation  leads  to  the 
belief  that  the  method  known  as  subirrigation 
IS  the  best  one  to  follow.     It  has  received  much 
hought  and  study,  but  the  results  from  it  are 
entirely  unsatisfactory  because  of  the  initial 
outlay  involved  and  the  fact  that  for  many 
crops  the  inequalities  of  distribution  are  fatal. 
Ihe  furrow  system  is,  on  the  other  hand,  the 
cheapest,  simplest,    and    probably    the    most 
widely  used  method.     Lately,  too,  a  method  of 
spnnklmg  has  been  used  with  success  on  small 
helds,  known  in  some  sections  as  the  "Skini.er 
Irrigation  System." 

Particularly  in  sloping  fields  is  the  furrow 
system  easily  laid  out.    The  furrows  are  run 
down  the  slope,  either  directly  or  diagonally 
on  an  angle  depending  upon  the  amount  of 
grade.     Sometimes  they  are  laid  out  in  wide 
sweeping  curves.    The  steeper  the  grade  thJ 
nearer  to  the  horizontal  must  the  furrows  be  cut, 
the  grade  being  thus  lessened.     Such  furrows  are 
connected  to  the  main  furrow  by  curved  flumes. 
1  he  mam  feeding  furrow  runs  alo  g  the  top  of 
the  grade  at  the  upper  ends  of  the  laterals. 
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More  than  one  main  or  flume  will  be  needed  in 
most  cases,  these  being  spaced  apart  down  the 
grade  an  amount  depending  upon  the  distance 
a  stream  will  run  in  the  branch  furrows.    No 
rule  can  be  given  for  this,  as  it  depends  entirely 
upon  how  much  water  is  flowing,  that  is,  upon 
the  size  of  the  stream  in  the  furrow,  and  also 
upon  the  character  of  the  soil.     In  porous  soils 
furrows  from  40  feet  to  200  feet  will  be  as 
long  as  desi  jble,  while  in  closer  packed  land 
furrows  may  run  as  long  as  600  feet.     Usu- 
ally they  are  from  one  foot  to  four  feet  apart 
and  are  from  three  to  twelve  inches  deep.    The 
deeper  they  are  made  the  less  evaporation  from 
them  per  unit  m  the  same  length  of  time. 

Although  particularly  adapted  for  use  with 
crops  planted  in  rows,  the  furrow  system  is  of 
great  value  in  all  types  of  planting.  It  is  very 
adaptable  and  may  be  widely  modified.  By 
damming  the  furrows  at  any  time  the  fields 
may  be  readily  flooded,  if  desired,  and  the 
advantages  of  the  flooding  system  obtained. 
This  is  very  desirable  with  extremely  porous 
tracts  where  the  water  must  be  gotten  over  the 
ground  quickly.  The  advantages  of  the  furrow 
system  are  that  the  entire  surface  of  the  ground 
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is  not  wet  and  therefore  is  not  in  a  condition  to 
bake;  there  is  less  evaporation  than  vould  be 
with  a  thin  sheet  spread  out  over  t'..  neid;  r},. 
water  is  near  the  roots  and  a  deeper  oot  growtl- 
IS  promoted.  ^ 

should,  If  possible,  be  laid  along  boundary  lines 
or  fences  in  order  that  they  may  not  interfere 
with  other  operations.  Often  it  is  desirable  to 
convey  the  water  from  its  source  to  the  furrows 
by  means  of  concrete  or  clay  pipes  rather  than 
with  open  ditches.  It  cuts  up  the  land  less  to 
do  this  and  IS  less  likely  to  hinder  farm  work  in 
general. 

To   insure   equal   distribution   of  water   in 
furrows,  boards  may  be  placed  in  the  banks  of 
the  mam   ditches   and   adjusted   so  that   the 
proper  amount  of  water  flows  over  the  edge. 
The  time  taken  for  the  water  to  run  through 
the  furrows  may  be  between  fifteen  minutes  and 
two  hours  depending  upon  a  multitude  of  con- 
ditions.    The    flow   per   furrow   ranges    from 
fifteen  to  thirty  gallons  per  minute.     The  irri- 
gation flow  usually  continues  for  perhaps  two 
or  three  days  with  an  interval  between  appli- 
cations of  from  seven  to  twenty  days 
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The   Skinner   system   requires   an   elevated 
tank  or  a  pump  connected  to  a  water  course 
and  able  to  keep  up  a  continuous  supply  for  the 
required  length  of  time.    The  main  sprinkler 
pipes  are  usually  not  over  250  feet  long  but 
there  may  be  a  number  of  them.     Every  three 
or  four  feet  there  are  outlets  or  faucets.    The 
pipes  for  lengths  such  as  this  are  two  inches  in 
diameter  and  the  outlets  are  three  fourths  of  an 
inch.     A  supply  which  will  provide  about  fifty 
pounds  pressure  is  satisfactory  for  a  system  of 
this  kind,  and  there  are  several  working  well 
under  somewhat  less  pressure.    A  water  supply 
of  1,000  barrels  will  supply  an  acre  and  a  half 
with  sufficient  moisture  for  about  four  days 
during  the  dry  season.     Obviously  this  system 
IS  of  greatest  value  in   small  plots,  and  the 
operation  of  the  various  sections  of  pipe  may  be 
regulated  to  suit  the  needs  of  that  particular 
place. 

In  every  case  it  must  be  remembered  that 
irrigation  which  provides  continuous  moisture 
IS  better  than  one  soaking  and  then  a  dry  spell 
followed  by  another  soaking.  Too  slight  an 
amount  of  water  should  not  be  applied,  but, 
unless  the  soil  is  porous  and  able  to  retain  large 
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quantities  of  capillary  moisture,  a  real  heavy 

extended  nenod  between  applications.  A  medium 
amount  apphed   quite  fn^quently  is  desir  bk 

each   ,;!.%       "."""  '•"'"'''  l-^  Wlied 
each   time    before   the   plant  shows  signs  of 

distress  m  order  that  there  may  be  no  hel 

desired  new  shoots  when  growth  is  again  fostered 
by  moisture  applied  after  a  dry  period.  The 
plant  and  the  soil  should  be  watched  together 

Se-rdltr^"'  ""-"^  ^''"«  -"^ 

diZ'  T^-^'  '""  *°  P"  ""y  fi^W  ■■"  con- 
dition  for  irrigation  varies  widely  with   the 

system  used  and  with  the  local  conditions.     I 
ranges  between  $s  and «!«,.    The  cost  of  apply- 
ing the  water  afterward  is  also  variable    as 

"  the  CO"  of  applying  an  amomn  of  water 
eqmvalent  to  a  foot  deep  over  an  acre  (called  an 
ac^foot)  or  as  the  cost  of  irrigating  al  acre  for 
a  season  or  a  year.  The  following  tables  give 
the  amount  of  water  required  to  cover  an  fere 
to  any  certain  depth: 
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FLOW  or  WATER  REQUIRED  TO  COVER  AN  ACRE 


Equivalent  depth  of 
water  oTcr  the  acre 


I 

2 

3 
4 
5 

10 
12 


inch 
« 


« 
« 
« 


Galloni  per  minute  t*- 
quired  to  furnish  tbia 
amount  in  24  hours 


18.9  gals. 

per  min. 

37.7   " 

«      « 

56.6  " 

«       u 

75.4  " 

U           tl 

94.3   " 

«          M 

188.6  " 

M           <« 

226.3    " 

«           M 

The  next  table  gives  the  same  information 
but  in  a  little  different  form,  being  arranged  to 
show  the  amount  of  surface  any  particular  flow 
will  cover  to  the  depth  o.'  one  inch. 

ACRES  COVERED  BY  ANY  FLOW  PER  MINUTE 


Gallons  per  minute  flow- 
ing for  a4  hours 

Total  gallons  used  per 
24  hours 

Number  of  acres  covered 
by  this  to  depth  of  I 
inch 

10 

SO 

100 

200 
300 

400 

500 

14,400 
72,000 

i44»ooo 
288,000 
432,000 
576,000 
720,000 

2.6s 

10.6 

IS  9 
21.2 

In  most  cases  and  for  most  crops  a  flow  of 
five  to  six  gallons  per  minute  per  acre  is  the 
required  rate.    For  wetting  the  land  to  a  depth 


iniiii; 


•^m:^'^ 


SMALL  IRRIG..TION  PRACTICE  igc 

of  four  feet,  from  about  2.5   to  6  inches  of 
water  over  the  land  is  required,  depending  upon 
Its  degree  of  moisture  when  irrigation  starts. 
Many  mvestigations  have  given  the  average 
figure  for  complete  irrigarion  at  from  4  to  6 
acre-mches  of  water  per  month,  equivalent  to  a 
contmual  flow  of  about  2.5  to  3.8  gallons  per 
mmute  per  acre  during  the  month.    Of  course 
such  a  continuance  of  flow  is  never  followed,  but 
a  larger  amount  is  used  for  a  shorter  length  of 
time.  * 

The  cost  of  application  depends  upon  the 
system  used,  the  amount  and  cost  of  water  con- 
sumed, the  frequency  of  application  and  labour 
costs  m  the  locality.    In  the  East  the  cost  of 
applying  a  total  depth  of  four  to  eight  inches  of 
water   per   acre   per  year,   using   the   furrow 
system,  and  with  wages  approximating  ^1.50 
per  day,  will  range  from  ^25  to  $7S  per  acre. 
Ihe  spnnkler  system  under  the  same  conditions 
will  result  in  a  somewhat  larger  cost  usually, 
but  m  no  case  is  it  likely  to  exceed  ^100  per  acre 
per  year     If  the  water  is  city  water  and  pur- 
chased,  the  cost  of  it  alone  will  probably  amount 
to  ^50  per  acre-foot,  while  pumped  water  will 
cost  but  j5i2  or  $15  per  acre-foot.     In  the  South 
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and  West  somewhat  smaller  costs  of  water  pre- 
vail, the  cost  of  pumping  being  considerably 
less  than  that  stated,  and  purchased  water  being 
obtained  in  many  places  for  from  $15  to  $20  per 
acre-foot.  The  cost  of  applying  the  water  per 
acre-inch  per  irrigation  will  run  from  50  cents 
to^i. 
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PART  V 

MISCELLANEOUS   ENGINEERING 
TALKS 

The  Cost  of  Road  Building. 

The  Working  Principles  of  Orchard  Heaters. 

The  Forms  of  Electricit;,. 
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CHAPTER  XXIII 
The  Cost  of  Road  BuawNc 

CoNDmoNs  vanr  ,0  much  in  various  «ates. 
and    ven  .„  different  counties  of  the  same  state 
that  .t  „  ,mposs.ble  to  give  an  adequate  treat 
ment  of  this  question  without  going  into  the 

■ng  the  road  depends  upon  many  factors  such  a, 
the  cost  of  labour,  availabihty  of  materiShe 
kind  of  road  the  width,  the  depth  of  surfadlg 

pected,  and  the  chmate.  particularly  as  regards 
ramfall  and  freeang.  Then-  ,r.  s  ^'tas 
lr:.,j.^       J  *      '"«■*  "e  five  distinct 

kinds  of  road  construction  used  in  this  country 

adam   and    bituminous  macadam.    In  Texas 

mt^^f  h^,  ""j""*"^  "•'''  "■-  »  hundred 
niiles  of  shell  roads,  and  there  are  similar  lengths 

■n  other  coast  states.    The  following  tableS 
ome  Idea  of  the  wide  variation  in  the  cc^tTf 
roads  m  different  secdons. 
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TABLE   OP   COST  OF   ROAD   CONSTRUCnON 


£arth  roads 

Sand'-clay  roadt 

Gravel  road* 

Macadam  roadi 

Bituminous 
macadam 

Shell  roads 


From  I60  to  I400. 
Average  in  c  coun- 
ties,  $168. 

From  $60  to  <a,ooo. 
Average  in  41  coun- 
ties i.  ^593. 
I'rom  ^100  to  ^000, 
Average  in  27  coun- 
ties is  ^1,708. 
From  ji,ooo  to^3,5oo. 
Average  in  5  coun- 
ties is  <2,i6o. 
In  El   Paso  County 
the  cost  i$  $6,poo. 

Average  in  3  counties 
>•  S3,o83. 


From  ^387  to  ^1,775. 

Average  m  17  states 

«•  $713- 
If  torn  ^o  to  ^5,950. 

Average  in  31  ttates 
IS  ^2,047. 

i'rom$2,i53to^id4. 

Average  in  34  states 

IS  ^989. 
i'rom      ^000      to 

fi9>68i.  Average  in 

10  states  is  ^10,348. 


In  Texas  the  total  mileage  of  all  public  roads 
IS  about   128,971,  of  which  only  2  per  cent 
are  improved.    Of  the  2,768  miles  of  improved 
roads  by  far  the  greatest  mileage  (about  2,254 
miles)  is  of  sand-clay  construction. 

The  variation  in  the  cost  of  road  building  in 
any  given  way  depends  on  the  width  and  depth 
of  material  among  other  things.  For  sand-clay 
roads  the  average  width  in  seventeen  States  is 
seventeen  feet  and  the  average  depth  of  surfac 
mg  IS  nine  mches.  The  gravel  roads  in  thirty- 
one   States   averaged   thirteen  feet  wide  and 
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Mven  inches  deeo     TK- 
macadam  ,urfaV,T    u-       *"*"«'  "^^'^  of  a 

State,  a"d  the  dep  I  ^r"  "'  '"  """y-'""- 

fifteen  feet  and  the  d"«h  «  l*"  ^"*"  " 

Without  doMb    the  saM  T  '"'•'"• 
by  using  six  to  eLh,       u       /^  ""'•  °''«='i«<l 

"ar^we^ir   Xr':.:  f^  "'T"  """ 
mixture  gives  a  comn  .    ?""  "  '''"'«"'«l' 

«tisfactot  road  r/""'^  '°*-P"«''  »'«' 
great  favol       '         "  "  "P"*'y  growing  into 

O-rLS  trlTtr'''^  of  maintenance 
European  countriTl  *""  """*•    The 

of  building  !Ld      '7  '^  "'^  ""*  ^'^'"<«'y 
Tbey  the^C  estaied    "*•"?«  "■-• 
Only  in  New  York  Satfhi'  "'r'  '^"""■ 
««ch  a  system  untH    ^^7 '"^  \"' "^ ''''' 
been  ver>r  successfu     ^  ^'    ".''  *''"*  «  bas 
for  six  tTtX  i°";  Pn™'""""  ""  «« 
entire  section  a"  Ta  t  i?  '  "'f'-^  ""^ 
ruts  and  holes,  Ip^Hn^lt  '."'''''  «'«"8  in 
surface,  sweepinr^kj"*    f """  'P°"  '"  'be 

m  ..eneU  ^pCrrdttS'  -"■ 

dition,  and  the  Ait^u         V       "'^sf-c^ass  con- 

»  ««u  rne  ditches,  culverts    ».«./,      i 

«bat  the  road  may  be  weU  d^aLr'lfrth: 
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practice  of  the  old  adage,  "A  stitch  in  time  saves 
nine."  By  such  a  careful  system  the  cost  of 
maintenance,  based  on  the  pay  of  patrolmen  at 
$3  per  day  for  five  months  in  the  year,  is  about 
$7S  per  mile  per  year.  The  present  form  of 
maintenance  of  roads  in  New  Hampshire  and 
elsewhere  is  by  use  of  oil  treatment  covered 
with  sand.    That  costs  $440  per  mile. 

There  can  be  no  question  but  what  the  auto- 
mobile is  the  cause  of  great  deterioration  of 
roads.  The  surface  is  loosened  by  the  tan- 
gential push  of  the  tire  as  it  grips  the  road. 
Then  there  is  much  slip  of  the  tire  on  tht  road  and 
the  rubber  picks  up  much  of  the  small  st'ifF.  In 
a  test  under  unusually  heavy  traffic  of  unusually 
heavy  motor  vehicles,  a  stretch  of  gravel  road 
cost  over  $2,000  per  mile  for  five  months'  main- 
tenance ,.  against  a  negligible  sum  before  the 
circumstances  which  caused  the  heavy  motor 
traffic. 

For  roads  requiring  merely  occasional  scrap- 
ing and  dragging  to  keep  them  in  good  repair, 
$S  per  year  per  mile  is  an  average  figure. 

As  to  the  distribution  of  cost,  in  New  York 
and  a  number  of  other  States  the  trunk  lines 
are  built  at  the  cost  of  the  State,  while  other 
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~ad.  are  built  at  joint  expense.     Usually  the 
State  take,  chaige  of  the  work  and  oav!  co  n 
cent,  of  the  cost,  the  county  paj."g  iZ^cZ' 
»nd  the  town  ic  per  rent     Tl,:       ■     '^ 
alw  divided  up.  ^*  mamtenance  i. 
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The  Working  Principles  of  Orchard 
Heaters 

Many  of  the  Eastern  farmers  have  found  out 
that  orchard  heaters  are  not  as  satisfactory  in 
one  orchard  as  ;n  another,  and  wish  to  know 
the  principles  of  operation  in  order  that  they 
may  be  used  with  the  greatest  efficiency.   Others 
have  tried  them  but  once  and  without  success. 
Full  stories  of  experiences  are  hard  to  get  with- 
out being  coloured  somewhat  by  the  prejudice 
of  the  writer.    This  plan  -  <"  orchard  hearing  in 
rimes  of  unseasonable  frosts  has  been  tried  out 
for  years  in  the  Western  States   with   great 
success.    Fruit  growers  in  New  York,  New 
Jersey,  Connecricut,  and  Massachusetts  have 
taken  it  up  more  or  less  in  the  last  few  years. 
In  Canada  very  few  orchards  are  so  protected. 
The  basic  idea  is  to  start  a  multitude  of  small 
fires  in  various  parts  of  the  orchard  when  the 
temperature  goes  so  low  as  to  give  a  possibility 
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Of  injuring  the  crop,  particularly  about  KI 

or  bud  time.    The  usual  (i~  '''*'"°"' 

oil  which  gives  off  JT         "  '  ""  °'  '"'"ing 

^oft  coal  Tbi   tr-^f  •    ''"""'■"'- 
because  of  the  t.me  r^  1  •         ""'^"""^^ 
the  fact  that  it  T     ^    f    '"  """"«  "  ""d 
without  dump;  ";„7":'  ^^  -='<«'y  quenched 
The  oil  hea^L  o„  tK       l."*r"'''"'''"'"el. 

-«andburrn:t^\S::..;t-f"p 

»s  a  cover  on  th«  fg»nning,  and,  if  there 

«held,tres  heatersrvT  '"  *'"'?  ""'  °" 
closing  the  cover  and  XtttrffT  ^'  """'^ 
-r.  As  many  as  th  ee  orT  T' """"^ "^ 
th-smaUca„^sareus^Ui;i-^^^^^^^ 

«^eini:ro?r:t^~r>wit 

in  order  togeteood^r^  *''  ""<'  ""Ptotected 
that  this  fo™':r^:;„t'::f  •'•■-'■ancesare 
to  arrange     Th,  k       ?*     -    ""  "*'>'  '''fficult 

-;;;.har;heS:d-::hrrr:;sb''"'' 

''art.cularly  m  valleys  surrounded 
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by  small  hills  this  method  of  frost  fighting  is 
very  successful.  In  such  places  as  these  the 
cold  winds  are  prevented  by  the  smoke  clouds 


F>«-  43-— An  orchard  heater 

from  driving  in  and  making  cold  air  pockets 
around  the  trees.     Many  farmers  in  setting  out 
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^nds  found  to  be  most  damaging,  with  the  idea 

.  '"'*  P»n'cular  type  of  burner  is,  of  course 
■mmatenal  so  far  as  effectiveness  g«s  Tf^ 
daToV  'h":^'  «>"vemence.    Small  fi„s  o 

itTe'soft  c  T*^  "  "'<'""'  P«''>='P»  '^th  a 
little  soft  coal  thrown  on,  have  been  used  sue 

essfully  .n  the  early  days  of  experime'tat^ 

and  are  st.ll  retained  by  some  fruit  growera 

One  man  bmlt  his  fire  on  a  portable  arrangem  ^* 

and  dragged  it  slowly  i„  and  out    hrouSTthe 
o  chard  ^.h      „y  „„„i,y  ^^     eh  th 

of  course,  a.  the  expense  of  considerable  labour 
and  •"convenience.  The  difficulty  of  starting 
such  a  number  of  heaters  in  a  short  time  has^f 
»lved  by  a  simple  electrical  device  that  any 
fenner  can  make.     The  oil  container,  b,^It  fe 

»meth.ng  the  shape  ofamilt pail, hasahinged 
coverwrth  a  weight  attached  to  it  tending  to  hold 
the  coyer  open  at  all  times.  A  piece  o?  fusible 
metal  ,s  tied  so  as  to  hold  the  cover  down.    In  a 

.ttepoclcetalongsideofthisfusibleUnkThereL 

ZtlTT"'^^'"^''"  ""'■  =■  ^^k  '"ding 
from  the  o,l  can,  as  shown  in  Fig.  43 .    There  is  aS 
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ordinary  gasoline  engine  spark  plug  arranged 
close  to  the  powder.    If  the  plug  is  too  expen- 
sive, just  the  bared  ends  of  two  wires  held 
securely  a  very  tiny  distance  apart  will  do. 
These  spark  gaps  are  connected  in  circuit  with 
a  spark  coil,  so  that  by  closing  a  switch  from 
the  battery  to  the  coil  a  spark  will  be  caused  to 
jump  the  gaps.     In  doing  this  the  powder  is  ig- 
nited and  lights  the  wick.    The  burning  wick 
melts  the  fuse,  releasing  the  cover  and  allowing 
the  weights  to  pull  the  cover  open.    The  wick 
thereupon  ignites  the  oil  within  the  can.     By 
setting  a  stop,  the  cover  may  be  opened  a  small 
or  a  large  amount,  thus  regulating  the  fire  to 
suit  the  conditions. 


'"fm^T- 


CHAPTER  XXV 
The  Forms  of  EiECTRicnr 

whether  .t  .s  generated  by  chemical  action   bv 

fr.ct.on  or  by  any  other  one  of  the  many  ^ays 

n  wh.ch  It  ..  possible  to  generate  it.    JustT 

the  same  way  water  is  the  same  substan" 

«eam.  Yet,  although  water  consists  of  a  com- 
bnat.on  of  oxygen  and  hydrogen,  and  it  is 2 
same  combmation  in  whatever  form  the  water 
«,  >.e  tnow  that  steam  will  act  on  a  Twng 

st«m  ifat    "^t"  "'  '""•     '"'"  «  >«"  « 
sttam  IS  at  a  higher  temperature  than  ice   or 

steam  may  be  under  pressure  while  ice  si, 

Son   7\  -"""''■    ^'•'"  8»-ated  by 
„"?     '  ''"f'r^'y  "  «  '''«h  "potential"  or 
pressure.  wh.le  when  generated  by  chemica 
«t.on   .t  is  at  a  low  "potential"  or  p^Tu  e 
m  electricity  generated  by  friction  is  gen        y 
(although    .ncorrectly)    called    "static"   elec- 
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■i 


tncity.     It  is  of  the  same  nature  as  that  which 
causes  hghtning,  the  "northern  Hghts,"  etc., 
and  which  is  found  in  the  atmosphere.     On  a 
dry  cold  morning  as  you  comb  your  hair,  you 
hear  it  crackling  because  of  the  discharge  of 
static"  electricity.     If  you  tear  up  a  piece  of 
paper  into  fine  bits  and  bring  them  near  a  glass 
rod  or  chimney,  or  a  piece  of  sealing  wax  which 
has  been  rubbed  briskly  with  fur,  silk,  or  wool, 
the  paper  will  jump  toward  the  glass,  and  after 
a  little  while,  if  t^e  paper  is  in  real  small  pieces, 
the  bits  will  fly  away  from  the  glass.    This  is 
all   due   to  "staric"   electricity.     It  was   the 
only  kind  known  unril  about  1792.    Then  elec- 
tricity generated  chemically  was  discovered  by 
Galvam.     This  is  known  as  "galvanic"  elec- 
tncity  and  is  what  is  obtained  from  batteries. 
Afterward,  electric  dynamos,  became  known 
and   the  electricity  obtained  in  that  way  is 
called  "dynamic"  electricity.    All  these  names 
are  for  the  purpose  of  disringuishing  the  method 
of  generating  the  electricity,  but  it  is  the  same 
substance  generated  each  rime.    As  to  its  efl^ects 
on  the  human  system,  if  the  exact  truth  be 
told,  no  person  can  be  sure  of  what  the  real 
permanent  eff"ect  is  anyway,  but  there  is  no 


TOE   FORMS  OP  ELECTRlcnr  Joi 

reason  to  suspect  that  merely  the  difference  in 
the  manner  of  generation  would   produce  a 

could  be  used  to  generate  electricity  to  kill  a 
pe«on  .f  proper  arrangements  we«  made.  Like- 
wise, electncty  generated  in  any  one  of  the  three 
way»  mentioned  is  perfectly  harmless  if  ^  ssed 
vZ^l  !.,'   "r*^   """"^   P™P"  conditions 

by  means  of  a  battery  is  most  commonly  used 
by  the  medical  profession,  but  the  reasons  are 

Just  what  electricity  is  no  one  knows,  but  the 
fact  js  not  astonishing.  No  person  kno;s  what 
-yth.ng.s.    What  is  carbon?    WhatT;.! 

one  knows  what  any  of  these  substances  is  yet 
o    cou«e  there  are  theories  which  explain'  i„' 
fh.  u    .'  •"■"*  '"'y  «''*«  «  an  electrical 

oS  *"  "  °"'^  °'  ^-Pararively  recent 

This  theory  states  that  everywhere  through- 
out the  universe.  filUng  all  spaces  and  all  sub- 
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distance  between  that  heavenlt  ho^  ?  "' 
own  atmosphere,  which  o„Tm,^j^  ft,"- 
dmance  above  the  eanh.  It  i  1  etr 
which  transmits  heat  fmm  .k  ,  "''" 

filament  within  the  vac«rht  "i""''""" 

'-P  to  the  g,a«  LTal^Se"  u.:Lu:r 
air.     So  electricity  mav  h.  .    '"""""ding 

ether  in  motion 7^       "^  ^'  "'"^^  P"«  °^  ^h" 

of  LriciTin"::'.  '"J^  "^«'y  "-e  natu„ 

With  itTmavtl     "  '^  ""  "'"''■"  '°  "'• 
provide  p^e"S^'?      °"  '"'"'^'  •■««  «•>-«>. 

P~cesses^rhtt?St7dfT' 
tudes  of  thines  of  th«      '''"^^ft  ««<*  do  multi- 

tanc.in.herltrtr"'"''''"'^'- 
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PART   VI 

USEFUL  TABLES  FOR  ENGINEERING 
CALCULATIONS 

I.    The  Equivalents  of  One  Horsepower. 

IT     w""u''  ^®'^^"^y  °^  Various  Engines 
III.    Weights  of  Various  Materials.        "^ 

V     T^S^  °^  ^""°"^  Materials. 
V.     ihe  Heating  Value  of  Fuels. 

surls"''"^'  """^  Corresponding  Pres- 

VIL    Water  Powers  for  Various  Heads. 
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TABLE  I 

WE  EOUIVAIENTS  OP  ONE  HOMEPOWBR 

enrin  "  ""  T  "'  """"S  ""k-    A  small 
enpne.  for  example,  can  do  as  much  work  as  a 

tmie.  A  four-horsepower  gasoline  engine  will 
fill  as. lo  satisfactorily  i„  two  days  perhaps.  Zl 
a  twelve-horsepower  engine  will  take  only  a 
■tie  over  half  a  day  to  do  the  same  job.  xLis 
^mrate,  the  meaning  of  power.    It  has  to  do 

ment  the  horsepower.    That  i,  the  power  which 
mu«  be  exerted  to  raise  33.000  pound, 71 

«min°.  °?  °°'r  °"'  ■"'""**■    This  is  called 
«ertmg  33,000  foot-pounds  of  work  in  one 

inft,Kl"''  ""  *""  continually.    The  follow- 
ing table  gives  not  only  the  equivalent  of  one 

of  ..me  but  also  m  foot-gallons  of  water  and 
foot-cubic  feet  of  water.    A  foot-cubic  foot 


m 
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means  that  a  cubic  foot  of  water  i.  raised  one 
toot     A  foot-gallon  means  that  one  gallon  is 

[hat  on":  '"'     '''^  ""^^^  ^^-  '^'-  -- 
that  one  horsepower  wiU  raise  that  number  of 

or  h'ir?K  °'  °^u*^'"'"^  '  ^'«^"^«  of  0"«  foot 
or  half  the  number  a  distance  of  two  feet,  etc. 

lhoriepower=55o  foot-pounds  per  second 

--  33.000  foot-pounds  per  minute. 
Z 1'?^°°°  foot-pounds  per  hour. 

-  8*  fcot-cubic  feet  of  water  per  second. 
--  5*8  foot-cubic  feet  of  water  per  minute. 

-  31.680  foot-cubic  feet  of  water  per  hour. 
—•  66  foot-gallons  per  second. 

—  3.960  foot-gallons  per  minute. 

—  2371600  foot-gallons  per  hour. 

TABLE  II 

ABSOLUTE  EFFICIENCY  OF  VARIOUS  ENGINES 

The  mechanical  efSciency  of  most  engines 
IS  about  80  per  cent.  That  is,  the  power  ^ven 
out  by  the  engine  is  about  80  per  cent,  of  that 

example,  the  power  of  the  expanding  steam 
exerted  on  the  piston  is  the  power  put  into  the 
engme.    About  80  per  cent,  of  this  is  available 
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for  use  at  the  belt  pulley  of  tV  -  enirin.     Tk 

Zt  T'T  ""^  '■'  «^"*"  <*  «  «•-«  belt 
S        r   :  ""■"  '"^■''•'  f"  *"">Ple.  only 

OS   n    '\'  """"•    '^'•"«  »  »  "emendou™ 

of  hi.      .         ""  """•    '^'•«  "">«  i»  true 
of  the  gasohne  engine.    There  is  3  f  r.™    j 
loM  in  i-i,.      1.  *  tremendous 

fralTh        .5""'  ""''  '■"  "«  *•"«  radiated 

.trd'J:\:iScrrrtTr-'- 

vines  "'^  '  P""'""  of  '■"'•"«  on  the 

Absolute  efficiency  of  anv  ,n„.,-  j 

Srch"' rr--  ^^-"' Hat's: 

While  mechanical  efficiency  depends  largely  on 

^  k:r;:Lgroired"r'"'''"'^  -'-  -^-  -^ 

ccping  It  oiled  and  running  properly. 

AB8OLUTB   EFnciENCIES 

Steam  engine    .     . 

Gasoline  and  keroven*  .«-:  '     "     '  ^  'o  "  per  cent. 

Diesel  oil  engine^     "''"«•"''    "     '  *°^°30    "      " 

Windmilli    . 30to4o    "     « 

10  to  25    '*      " 
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Water>wheel8 

S:"™ 8o«8s 

Overshot  ....  Ar  ♦«,! 

S--  ;:•■:::    pi 


M 


M 


pi' 

liM 


TABLE  III 

WEIGHTS  OF  VARIOUS  MATERIALS 

The  specific  gravity  of  any  substance  is  the 
number  obtained  by  dividing  the  weight  of  a 
cubic  foot  of  that  substance  by  the  weight  of 
a  cubic  foot  of  water.    To  find  the  specific 
gravity  experimentally  weigh    the   substance 
m  air  as  usual.    Call  that  weight  W.    Now 
weigh  the  substance  while  it  is  immersed  in 
water.    This  can  be  readily  done  by  tying  a 
stnng  to  it  and  suspending  it  by  the  string  from 
a  spnng  balance,  the  substance  being  covered 
with  water  as  by  immersing  it  in  a  pail.    CaU 
this  weight  M.    Then 


the  specific  gravity  ^ 


W 


W-M 


If  the  body  is  lighter  than  water  and  so  floats, 
you  must  tie  a  sinker  to  it  after  having  found 
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S  =  specific  gravity  of  sinker 
^  =  weight  of  sinker  in  air 
N  =  weight  of  light  body  in  air 

weight  of  the  two  bodies  together  in  water 
and  the  specific  gravity  of  the  hght  body  will  be 

N 


A-R-K 

S 


To  find  the  percentage  of  different  metals  in 
an  a«oy  or  compound,  find  from  the  tiles  th" 

^  ^"^  ^'  Get  the  we  ght  (W)  nf  .k« 
compound  in  air  anj  *  •  .  ^  '  °*  *"® 
Th^n  r  "*  "*  '^^^g'^f  (M)  in  water 

^^'L  Tz:' ''-  ■"^"'  "^°-  -^«^ 

W-R(W_M) 

^-| 
For  example,  a  knife  is  part  silver  and  pan 

nd    c»  o      * T  """"^  (°-3"  lbs.)  in  a" 
ana    5J   ounces    (o.t^^    l!>c  ^    ;„  ^. 

„«    'r^  ^  ^^j    ^"^')    in   water     Th» 

•pecficgravuyofgoldusedis.s.randofstil 
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is  7.8.    The  amount  of  gold  in  the  knife  is, 
therefore. 


0-37S  —  7-8(0.375  —0.343) 
._7^ 


Nam* 

Aluminum 
Carbon    .     . 

ar  :  : 

Iron 

Wrought  . 

Cast 

Gray  . 

White  . 

Steel  .     .  . 


Name 

Alder . 

Apple. 

Ash    . 

Bamboo 

Beech. 

Birch  . 

Butternut 
Cedar. 
Cherry 
Cork. 
Ebony 
Elm  . 
Pine,  White 
Pine,  Yellow 


—  0.26  lbs.  of  gold 
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METALS 


Poundt  per       ,^ 
cubic  foot        ««ine 


161 

i  216-222 

549-558 

1200 

487-492 

439-445 
473-482 

474-487 


Lead  . 

Mercury 

Nickel 

Platinum 

Silver 

Tantalum 

Tin     . 

Tungsten 

Zinc   . 


WOODS 


IVmndi  per 
cubic  foot 

26-42 
41-52 
40-53 
19-25 

43-56 
32-48 

*4 
30-35 
43-56 
14-16 

69-83 

34-37 
22-31 
23-37 


Name 

Pine,  Pitch 
Hickory  . 
Lignum  vitae 
Linden 
Locust 
Maple 
Oak    .     . 
Pear  .     . 
Plum  .     . 
Poplar 
Sycamore 
Walnut    . 
Willow     . 


Pounds  per 
cubic  foot 

710 

845 -7 
540-550 
1320-1350 

650-661 
650-800 
360-455 
II60-II9O 
439-449 


Pound t  per 
cubic  foot 

52-53 
37-58 
73-83 

ao-37 
43-44 
39-47 
37-56 
38-45 
41-49 
22-31 

24-37 
40-43 
24-37 
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Nam. 

Brick 
Cement 

Loose   . 

Packed 

Coal 

Soft  . 
^Hard  . 
Earth 
pDiy  . 
liranite  . 
Gravel 


Poundi  per 
cubic  foot 


STONES 

Name 


87-137 
72-105 

168-187 

^75-94 
87-112 

100-I20 
'25-187 

94-1 I a 


Limestone 
Marble 
Masonry . 
Mortar    . 

X'  ' 

Damp  , 

Sandstone 
Slate 

Soapstone 
Trap  .     . 


Pouotft  per 
cubic  foot 

125-190 

116-144 
109 

102 

87-103 
119-128 
124-200 
J62-205 
162-175 
162-170 


N.m« 

Asbestos  . 

Asphaltum 
Bone  . 
Butter     , 
Charcoal . 

Glass  . 

Ice  .  : 

Leather  . 


MISCELLANEOUS 


Poundi  per 
cubic  foot 

125-175 

69-94 
106-125 

53-54 
'7. 5-35 
122-162 
'50-175 

55-57 
54-64 


Name 

Lime  . 
Paper 
Paraffine 
Peat   . 
Rubber 
Snow  . 
Suear 
Tifc    . 


Pounds  per 
cubic  foot 

144-200 

44-72 

54-57 
52 
57-62 
7.8 
100 

87-143 


Name 

Alcohol    . 
Alcohol,  Wood 
Benzine   , 
Gasoline 

Milk  .     .     . 


Pound*  per 
cubic  foot 


LIQUIDS 

Name 


49.4 

56.1 
41-43 
,        78.6 
64.2-64.6 


Linteed  oil 
Lubricating  oil 
Sulphuric  acid 
Water      , 
Sea  water 


Poundt  per 
cubic  foot 

,        58.8 
56.2-57.7 

114. 8 
64 


3i;i: 
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TABLE    IV 
STRENGTH   OF   VARIOUS   MATERIALS 

There  are  three  strengths  which  a  piece  of  any 

material  has.    These  are  resistance  to  tension  or 

stretching,  resistance  to  compression  or  crushing, 

and  resistance  to  shear  or  sliding  of  one  layer  of 

material  past  another  layer  in  the  same  piece. 

When  we  tear  asheetof  paper  we  really  break  it 

m  shear   by   ripping  one   part  of  the  paper 

sideways    by   the   other   part.     The   effect   of 

shearing  is  exactly  the  same    as  though  the 

piece   of  material  were  cut  along  the  line  of 

shear. 

The  tables  given  below  are  merely  for  guid- 
ance. No  two  pieces  of  any  material  will  test 
exactly  the  same.  In  all  work  allowance  is 
made  for  that  fact  and  for  the  additional  fact 
that  we  have  no  certain  knowledge  of  jus.  t  how 
the  material  will  be  strained,  and  so  we  must 
make  the  piece,  whatever  it  may  be,  plenty 
large  enough  to  resist  all  possible  loads.  To 
make  this  allowance,  we  use  a  "factor  of 
safety."  That  is,  we  divide  the  ultimate 
strengths  given  below  by  6  or  lo  so  as  to  give 
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Whit  "°;^7  ''''"^*^-     '^^^^^  """^bers  by 
which  we  divide  are  the  factors  of  safety. 


Material 


Aluminum 
wire 


Brass 


Tenail  ttren(th 

In  tttry  cat,  tk*  numbtr  bthte 


luanj  pound!  p,r  iq^trt  iiuk 


30,000-40,000 


60,000-70,000 


^       Wire  50,000-1 5o,c 
vx>pper 

Wire 

(hard 
drawn) 
Platinum 

wire 
Silver  wire 
Gold  wire 
Steel  wire 
Steel 
Iron 
Cast 


Wrough 


50,000 

42,000 

20,000 

460,000 

8o.ooc>-33o,ooo|  56,000:70.000 1 48,ooo:do.ooo 
13.000-33,000 


80,000 


18,000 


mSW'.Wk  IP 


»; 


I 

'lir 


lll'i!' 
liiil: 


I 
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Material 


Sandstone.     . 
Slate    ,      .  •'     ■ 

Brick    ....*!; 
Brickwork  (lime  mortar) 
Brickwork  (cement  mortar) 
Cement  (Portland)    .     . 
Concrete  (Portland)  .     . 
Oak  (with  grain).     .     . 
Oak  (across  grain)     .     . 
White  pme  (with  grain)  . 
White  pme  (across  grain) 
Georgia  pine  (with  grain) 
Georgia  pine  (across  grain) 
Cypress  (with  grain) 
Cypress  (across  grain)  , 


In  ntty  t*jt  ike  numbtr  gwtn  bthu 
m*itu  toundt  ftr  jquMr*  inth 


ISO 

10,000 

200 

40 

300 

Soo 

400 

10,000 

2,000 

7,000 

500 

12,000 

600 

6,000 

SOO 


For  compression  and  shearing  use 
ot  6.    for  tension  use  a  factor  of  safety 


5.000 
10,000 
10,000 
1,000 
2,000 
3,000 
2,000 
7.000 
2,000 
5,500 

800 
8,000 
1.400 
6,000 

600 


800 
4.000 

400 
2,000 

600 
5.000 

400 
2.500 


a  factor  of  safety 
of  10. 


TABLE  V 

THE  HEATING  VALUE  OF  FUELS 

The  heating  value  of  any  fuel  is  measured  by 
engineers  m  units  known  as  British  Thermal 
Umts,  commonly  abbreviated  to  the  form 
B.T.U.  A  B.T.U.  is  the  amount  of  heat  re- 
quired to  raise  the  temperature  of  one  pound 
of  water  through  one  degree  Fahrenheit,  the 
common  temperature  scale  on  the  thermometer. 
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The  following  table  gives  the  heating  value  of 
one  pound  of  each  fuel,  and  to  get  the  heating 
value  of  any  quantity  such  as  a  ton,  multiplica- 
tion  must  be  made  by  the  number  of  pounds  in 
a  ton  (2,000  lbs.). 


B.  T.    U.    PER   POUND  OP  VARIOUS   FUELS 
Fod 
Lignite  (brown  coal)  "•"'"*  '"'"•"  "•  ^^  "• 

Low  grade      ... 

High  grade  ^^^7 

p.       .  7,189 

Ditummous  (soft  coal). 

Low  grade 

High  grade     . '^-'SS 

<;....  '4»'34 

oemi-bituminous 

Low  grade      .     . 

High  grade     .  '^"' 

...  '4,699 

Anthraate  (hard  coal) 
Low  grade 

High  grade     . ^*'S77 

Peat (Dri,^, matted.earthy matter)  F;om'  8,761^  lo,VJl 
*Gasolu,e(Sp.Gr.o.7,too.73)  .     .  From,9S>to2o'L^ 

weight  of  a  gallon  of  water(8.34fbsT  ""**  '''' 
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TABLE  VI 

WATER  HEADS  AND  CORREaPONDINO  PRESSURES 

A  column  of  water  one  foot  high  will  exert 
ofTZ^^'r"''  °"  -'^".x- inch 

the  surface  of  the  water  to  the  point  whe« 

he  pressure  is  observed,  and  the  pressure  per 

square  mch  at  the  given  distance  be  ow     It 

dTer  lirT''"'  ''"  "■'  "^  "^'-"^-n 
uoes  not  affect  in  anv  wav  th^  ^ 

square  inch  but.  obvioU;ri;  tle^eT^X 

3Terar"'^'°"""""'--'p-- 


K'L'l  i 


Held  la  EquiVilent  „ 

■••t  preuure  in  Held  Jq 

Im.  per  tq.  in.  feet 

2 0-433      10    . 

I °-87        IS    . 

i 1-30  20    . 

S    :     •     •     •     •      '73  25    . 

7    .  •  •      2  6o  35    . 

8 3.03  40    . 

^ 3-90  so    . 


EquiTaleat 

pr*4iure  in 

•»••  per  tq.  in. 

•  4-33 

•  0-45 

.  8.66 

.  10.78 

•  '2.99 
.  15.16 

•  '7.32 
.  19.49 

•  21.65 
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Hnd  in 
feet 

II  : 

65  . 

70  . 

75  . 

80  . 

8S  . 

90  . 

95  . 


Equivalent 

prcMure  in 

M.  per  iq.  in. 

23.82 

25.98 
?8.I5 

30.31 

32.48 
3464 
36.81 

38.97 
41    14 


Head  In 
feet 

100        , 

150  . 

200 

250  . 

300  . 

350  . 

400  . 

450  . 

500  . 
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Equivalent 

preaaure  in 

ba.  per  aq.  in. 

43   .10 

04  95 

86.60 

108.25 

129.90 

»5i.55 
»73. 20 
194.85 
216.50 


TABLE  VII 

WATER   POWERS   FOR   VARIOUS  HEADS 

A   horsepower,    as   explained    in    Part   III 

Chapter  XVII,  is  the  equivalent  of  33,00^  foot- 

pounds  per  n,inute.    Therefore  thef^JZr 

of  falhng  water  will  be  given  by  „,ultiplyi„g 

he  number  of  pounds  weight  of  water  thaf 

Ta  T^I-  '"^""'^  ^^  '^'  ^"^^"^<^  that  it  falls 
and   dividing  this   product   by   « 000     Tu' 

P«nds  to  the  total  energy  contained  in  steam 
admitted  to  a  steam  engine.    However   L" 

»me tf  ttr  '''  '''''''•"  """  ~"""» 
«re«ed  u    '""^'  '°  '^'  '^""r  which  is 

spelled  from  the  water-wheel  contains  some  of 
■ts    energy.     The    theoretical    horsepower   Z 
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therefore  too  large  and  it  is  usual  to  take  80  per 
cent,  of  that  theoretical  value  for  the  practical 
amount  which  may  be  obtained.  This  per- 
centage  varies  with  the  head  and  with  the  type 
of  wheel  as  given  in  Table  II. 

The  values  given  below  are  for  the  fall  of  one 
cubic  foot  of  water  per  minute,  and  the  weight 
of  this  is  taken  to  be  62.4  pounds  from  Table  III. 
If  larger  quantities  are  available,  multiply  the 
horsepower  given  by  the  number  of  cubic  feet 
available.     The  number  of  cubic  feet  falling 
per  minL.e  is  obtained  by  multiplying  the  cross- 
section  of  the  stream  (width  in  feet  times  aver- 
age depth  in  feet)  by  the  velocity  of  flow  in  feet 
per  minute. 


Head  in 

Practical 

feet 

hortepower 

' 

•       •         0.0015 

•       .         0.0030 

3  .       . 

4  .     . 

•  .        O.CO46 

•  .        O.OO6I 

5         .       . 

'       .        0.0076 

30               .            .            . 
40               .            .            . 

0.0152 
O.O3OA 
0.0456 

0  0608 

SO      .     .     . 

C.O760 

"rJl'"  ftactical 

75  '     .     .  .  0.1140 

'00  ...  .  0.1520 

'SO  ...  .  0.2280 

200  ...  .  0.3040 

*SO  .  .  .  .  0.3800 

300  ...  .  0.4560 

350  ...  .  0.5320 

400  ...  .  0.6080 

4SO  .     .     .  .  0.6840 

Soo  .     .     .  .  0.7600 
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Abaolute  efficiency,  207 
Air,  162 

Alcohol,  311,  215 
Alum-soap,  31 
Anthracite,  215 
Asphalt,  31,  33 
Asphaltum  varnish,  44 

B 

Bacteria,  89,  93 
oarbed  wire,  53 
Batteries,  1^4,  199 
Battery  rating,  151 
Bituminous  coal,  215 
Blocks,  Concrete,  33 
Boiler,  Steam,  99,  127 
Brake  horsepower,  126 
Breast  wheel,  133,  135 
Brick,  33  211,214 
ontish  thermal  unit,  214 
Buildings,  3 

Building  material,  12,  14, 
210,  211,  213,  214 

C 

Capillary  action,  31, 160, 

162 
Catch  basins,  171 
Charcoal,  78 


Circulation,  8,  13,  23 

Spark,  ii" 

V^ibrating,  113 
*^ld  storage,  21 
Combustion,  115 
Composition  flooring,  36 
Compressive  strength,  212 
Concrete,  26,  214 

Blocks,  ^^ 

Composition,  40 

Laying,  30 

Lean,  27 

Non-absorbent,  31 
Portland,  29 
Proportions,  28 
Puddling,  30 
1  neory  of,  26 
Weight,  42 
U>nductors,  Lightning,  48, 

Cone  of  Depression,  61 
Copper  52,  53 
Costs  of 

Batteries,  152 

Drainage,  168 

Fuel,  99 

Horse  work,  no 

Irrigation,  183,  185 

Plowing,  98,  109 

Ram,  88 
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Costs  of 
Ram-pumpf  88 
Road  Duilding,  190 
Road  maintenance,  192 
Tile,  i6s,  166 
Tractor,  105,  109 
Water,  185 
Waterpower,  141, 143, 

Water  systems,  71 

Waterproofing,  32,  33 
Cultivation,  163,  178 
Cypress,  14,  214 


Dam,  140 
Deflectors,  24 
Ditches,  174,  177,  181 
Dramage,  159 

Ditch,  165 

Tile,  172 
Drainage  of  buildings,  12, 

17 
Dressmg,  Top,  for  ice,  18 
Dners,  44 

Dynamic  electricity,  200 
Dynamometer,  124 


Edison  battery,  146,  148 
Efficiency,  10,  83,  137,  146, 

206 
Electric  battery,  145 
Electricity,  47,  199 
Electric  theory,  201 
Emery  wheels,  40 
Energy,  120 


Engine,  98,  127 

Oil,  100,  116 

Steam,  100 
Ether,  202 
Explosion,  U7,  118 
Explosive  mixture,  116 


Factor  of  safety,  212 

Fertilizing,  164 
Filter  bed,  02 
Filter,  Sand,  75 
Fireproofing,  36 
Flooring,  36 
Foot-pound,  120 
Foundation,  15 
Fuel,  98,  214 
Furrows,  180 


Galvanic  electricity,  2e» 
Gasoline,  97,  215 
Gravel,  30 

Gravity,  Specific,  208 
Gravity  wheels,  134 
Grindstones,  40 
Ground  connections,  54 
Ground  water,  159 
Grout,  33 

H 

Hard  water,  79 

Head  of  water,   112,   139, 

216 
Heaters,  Orchard,  194 
Hearing  value  of  fuels,  214 
Horse  work.  103 


"nTKT*''  "9*  'Ja*  aos 
ofboiIerMj;  ' 

Hydraulic  ram,  83 

Hydroitatic  water,  159 

I 

Ice 

Packing,  19 

Size  of  cake«,  14 

Top  dressing  for,  18 
Icehouse,  9,  n 

Size  of,  13 
Ignition  systems,  m 
Impulse  wheels,  134 
Indicator,  121,  123 
Insulation,  13,16,  22 
Insulators,  56 
Irrigation,  178 

Skinner  system  of,   170. 
182  '^ 
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M 


Macadam  road,  191 
Magneto,  114 
Maintenance,  Road.  191 
Make  and  break  ignition 

Material,  Building,  12,  '4 

210,211,213,214 

Mechanical  efficiency.  :  o 
Medical  battery,  201 
Metals 

Strength  of,  213.    14 
.  .Weights  of,  210 
Miners  inch,  131 
Mixture,  Explosive,  116 
Moisture,  23 

N 


Non-conductors,  22 


Jump-spark   ignition,   in, 
113 


Kerosene,  97,  215 

L 

Lamps,  151 
Laterals,  175 

Lead-plate  batteries,  146 

if  ver,  125 

Ljghting  systems,  149 

i'lghtntng  rods,  47 

Lignite,  215 

Linseed  oil,  43 


Operation,  Costs  of 

Lngme,  99 

Horse,  no 

Tractor,  108 
Orchard  heaters,  194 
Outlets,  Drainage,  174,  17c 
Overshot  wheel,  133,  ,34^^ 
Oxychloride  bindeii;  37 

P 

Packing 

Stores,  25 
rainting,  3,  43 
Jaint  spraying,  45 
I'aper,  Roofing,  15,  i6,  22 
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in 


Paraffin,  33 

Peat,  215 

Pelton  wheel,  133, 135, 136, 

143 
Plante  plates,  147 
Plow  gang,  107 
Pneumatic  equipment,  70 
Potential,  199 
Power,  120,  129,  205,  217 
Pressure,  Water,  216 
Prony  brake,  124 
Protection  of  orchards,  195 
Public  roads,  190 


Q 

Quicksand,  176 


R 

Radiation,  5 
Rain  water,  62,  66 
Ram,  82 
Rann-pump,  82 
Rating  of 

Battery,  151 

Boiler,  127 

Engine,  127 
Red  lead,  44 
Road 

Building,  190 

G>st  of,  190, 192 

Maintenance,  191,  192 
Rods,  Lightning,  47 
Roofing  paper,  15,  16,  22 
Roofs,  17 

Round  buildings,  4 
Running  water  systems,  68 


s 


Sand,  26,  29 

Sand-clay  roads,  191 

Sand  filter,  75 

Seepage,  160 

Septic  tank,  90 

Sewage,  89 

Shape  of  buildings,  4 

Shear,  212 

Shell  road,  191 

Sills,  17 

Silo,  6,  8 

Size  of  icehouse,  13 

Skinner  irrigation  system, 

I79»  182 
Spark,  117, 198 
Spark  coil,  112 
Specific  gravity,  208 
Spraying  paint,  45 
Springs,  65 
Static  electricity,  199 
Steam  boiler,  99,  127, 146 
Stones,  26,  29,  211,  214 

Artificial,  36 

Beton-G>ignet,  41 

Ransome,  41 

Sorel,  36 
Storage  battery,  145 
Storage,  Cold,  21 

Packing,  25 
Strength  of  materials,  21s 
Sylvester  treatment,  31,  35 


Tamping,  19 
Tensile  strength,  212 
Tile,  17,  165, 166 
Laying,  173 


Item, 


146 


thermal  unit,  2,4 

TurXl"*-'  '37.  138,  ,4a 

U 

Ultimate  strength,  2,a 
Undershot  wheel,  'i^j'^^j 

V 

Varnish,  44,  46 

Ventilation,  o;  12  -- 
Ventilator.;?^  "'"5 

Voltage,  148,  ,52 


INDEX 


W 


Water 
Flow,  184 
Head,  216 

Measurement,  206 

fower,  129,  217 

Supply,  61 

J>We,  61 
^Wheels,  133 
Waterproofing,  26.  ,6 
Weights,  208^'    ^^^ 

Strength  of,  214 
«7^"«hts  of,  210 
Work,  120^  124 
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